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SIVE FACTORS 

(57) Abstract 

Immunomodulating agents comprising at least one Fc receptor ligand and at least one immunosuppressive factor are provided as 
aic methods for their manufacture and use. The immunomodulating agents may be in the fonr of polypeptides or chimeric anubodies 
and preferably incorporate an immunosuppressive factor comprising a T cell receptor antagonUt. The compounds and composmons of the 
invention may be used to selectively suppress the immune system to treat symptoms associated with immune disorders such as allergies, 
transplanted tissue rejection and autoimmune disonlers including lupus, rheumatoid arthritis and multiple sclerosis. 
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COMPOUMDS. COMPOSmONS AMD METHODS FOR THE EMDOCYTIC PRESENTATION OF 
IMMUNOSUPPRESSIVE FACTORS 



FiBld of the Invwrtioii 

5 The present mvefltjon generaly relates to compounds, compositions and methods for the effective 

■ndocytic presentation of imrainosuppresshre factors. More particuiarty, the present invention is directed to 
compounds, methods and conqiositions comprising invminosuppressive factors that are useful for the treatment of 
various disorders including, but not imited to, aotoimnHine disorders. In prefened embodiments the 
iinmunasuppresswe factors may be T ceU receptor antagonists or agonists. Other embodiments of the invention 
10 provide for the induction of tolerance in neonates or infants. 

Backflround of the Invention 
Vertebrates possess the abity to mount an immune response as a defense against pathogens from the 
environment as well as against aberrant ceKs, such as tumor ceHs, which develop internally. The immune response 

15 is the result of complex interactions between a varaty of caDs and factors, but gsneraliy comprises two main facets. 
One is a cellular component, in which speciaked cells directly attack an offending agent (bearing an antigen) while 
the other is a humoral component, in which antibody molecules bind specifically to the antigen and aid in its 
aimination. Acting in concert, the individual elements are quite effective in limiting the initial onslaught of invading 
pitbogsns and eSnwiiting them from the tiost. 

20 The primary ceBs invohred in providing an immune response are lymphocytes which generaly comprise two 

ptinc^al ciBSses. The first of these, designated B eels or B iytnphocytes, are typically generated in bone marrow 
and are. among other duties, responsible for producing and secreting antbodies. B cell antibody products tend to 
raact directly whh foreign antigens and neutralize them or activate other components of the immune systems which 
ttien eGminate them. bi particular, opsonizing antfliodies bind to extracefluiar foreign agents thereby rendering them 

2S sosceptaila to phagocytosis and subsequent intraceBular kiing. On the other hand T cells or T lymphocytes, winch 
ganvaly develap or mature in the thymus, are responsiile for metfiating the cablar immune response. These eels 
do not iBcognize whole antigens but nstead, respond to short peptide fragments thereof bound to speciaized 
protms which appew on the soriace of the surface of a target ceO. More particularly, it appears that proteins 
pradoced witbin the cti or taken up by tha eel from the emceloiar irihu. ara continualy degraded to peptnies 

30 by normal nwtaboic pathways. The resulting short fragments associate with intracelular major histocompatiiitY 
complex (MHO mohcules and tha MHCiMptide complexes are transported to the surface of the cei for recognitnn 

ingested by the eels and b posed to eiranata any ceBs presenting foreign antigens or tumor antigens; Le. virus 
InfKtad c«b or canc« cols. 

35 The general structure of immunoglobuin G (IgG), the most common of mammalian antibodies, is shown 

sthamaticaiy m Figure 1. As iustratad. IgG is a tetrameric protein complex comprising two identical heavy (ff) 
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chains and two identical immunogiobuim light (L) chairs. These chains are joined together by disulfide bonds to form 
the Y-shaped antibody complex. In solution however, the molecule takes on a more globular shape and readilY bind 
to foreign antigens present in biological fluids. 

Amino acid sequence analysis of immunoglobulins has led to the definition of specific regions with various 
5 functional activities within the chains. Each ight chair and each heavy chain has a variable region (V^ and V„ 
respecthrelyl defined within the first 1 10 amino terminal residues. Three dimensional pairing of the and regions 
constitute the antigen-recognition portion or "antigen combining she" ("ACS'I of immunoglobulin molecule. Because 
of the tetrameric nature of immunoglobulins, there are two identical antigen combining sites per molecule. The 
variable domains of these chains are highly heterogeneous in sequence and provide the dwersity for antigen combining 

10 sites to be highly specific for a large variety of antigenic structures. The heterogeneity of the variable domains is 
not evenly distributed throughout the variable regions, but is located in three segments, called complementanty 
determming regions ("CDRs") designated CDR 1, CDR 2 and CDR 3. For further information regarding these 
structures see Watson et al., 1987, Molecular Biology of the Gene, Fourth Edition, Benjamin/Cummings Publishing 
Co., Inc., Menio Park, CA incorporated herein by reference. 

15 Each of the heavy chains also includes a constant region defining a particular isotype and assigns the 

immunoglobulin to one of the immunoglobulin classes and subclasses. The constant region contains units called 
domains (Le. Ch„ C„5, etc.) which do not vary significantly among antibodies of a single class. The constant region 
does not participate in antigen binding, but can be associated with a number of biological activities known as 
"effector functions', such as binding to Fc receptors on ceil surfaces of antigen presenting cells (APC's) as well 

20 as binding to complement proteins. Antigen presenting ceHs such as dendritic cells and macrophages are, among 
other features, generally distinguished by the presence of an Fc receptor. Consequently, if an antibody is bound to 
a pathogen, it can then Gnk to a phagocyte via the Fc portion. This allows the pathogen to be ingested and 
destroyed by the phagocyte, a process known as opsonization. Moreover, as will be discussed in more detail below, 
various pathogenic antigens may be processed and displayed by the APC to further stimulate an immune response. 

25 

Unlike the heavy chains, the light chains have a single constant domain (Ci). A light chain pairs with a 
heavy chain through a disulfide bond which attaches heavy constant region Ch, to C^. In addition, the heavy chains 
have a hinge region separating constant regions C^^ and 0^ from the remainder of the molecule. It is this hinge 
region that is largely responsSile for the flexibility of the tetramer. The two heavy chains of the molecule pair 

30 together through disulfide bonds at the junction between the hinge region and 

In order to provide such an extensive repertoire, immunoglobulin genes have evoWed so as permit the 
production of vast numbers of different immunogbbuiin proteins from a finite number of nnnnt in nharant 
polymorphism. Due to inherent polymorphism, mammals are able to produce antibodies to a seemingly infinite variety 
of antigens. For a review of immunoglobuGn genetics and protein structure see Lewin, 'Genes III', John Wiley and 

35 Sons, N.Y. (19871 and Benjamin! and Leskowitz, 1988, Immunobgy, Alan R. Liss, Inc., New York which is 
incorporated herein by reference. 



In the past few years antibodies have become extremely important in diagnostic and therapeutic applications 
due to theii diversity and specificity. IncrBasingly, molecular biology techniques have been used to expand the variety 
and avaflabiiity of antibodies for scientific appbcations. For instance, a single antibody producing B call can be 
immortilized by fusion with a tumor cell and expanded to provide an in ntro source of antibodies of a single 
5 spacificitY known as a "monoclonal antibody" (mAb). Such an immortal B ceU line is termed a "hybridoma." 

Until recently, the source of most mAb has been murine (mouse) hybridomas cultured in ritn. That is, a 
mouse was typically injected with a selected antigen or immunogen. Subsequently, the animal was sacrificed and 
cells removed from its spleen were fused with immortal myeloma cells. Although they have been used extensively 
in diagnostic procedures, murine mAb have not proven to be well suited for therapeutic appbcations in most mammals 
10 including humans. In part, this is due to the fact that murine antibodies are recognized as foreign by other 
mammalian species and elicit an immune response which may itself cause illness or undesirable side effects. 

To overcome at least some of the problems of immune responses generated by foreign mAb and the lack 
of suitable human mAb, genetic engineering has been used to construct humanized chimeric immunoglobulin molecules 
which contain the antigen binding complementarity determining regions of the murine antibodies but in which the 
15 remainder of the molecule is composed of human antibody sequences which are not recognized as foreign. Such 
antibodies have been used to treat tumors as the mouse variable region recognizes the tumor antigen and the 
humanized portion of the molecule is able to mediate an immune response without being rapidly eliminated by the 
body. See, for example, Jones et aU Nature, 321:522-525 (1986) which is incorporated herein by leference. 

Other uses of such antibodies are detailed in co-pending U.S.S.N. 08/363,276 and PCT Publication No. WO 
20 94/14847 which are also incorporated herein by referance. In these cases epitopes of foreign antigens such as vn-al 
or bacterial epitopes are grafted onto the hypervariable region of an immunoglobufin to induce a response. That is, 
the engineered antibodies are used as a vaccine to provoke an innmune response and confer long term immunogenic 
memory thereby allowing the subject to fight off subsequent infections. 

These and more traditional vaccines are effective in that they stimulate both prongs of the immune system. 
25 Despite the intricacies associated with the humoral component of the immune response, it wouU not, in and of itself, 
be capable of effectively protecting an animal from tte myriad pathogenic assaults to which it is subject each day. 
Rather, it is only the presence of a highly evolved celular response that allows higher organisms to survive and 
pro&fefate. 

As indicated above, T lymphocytes or T eels, which arise from precursors in the bone marrow, are central 
30 players in the immune response against invading viruses and other microbes. The progenitor stem ceis migrate to 
the thymus where, as so-called thymocytes, they become specialized. In particular, they begin to display the receptor 
mokciiliit that Utor pnahi* matnr" T peiit to d€t»c! infectien. To be benefiiia!, T csSs bs stls to attach 
through their receptors to microbial antigens (protein markers signaling an invader's presence). At the same time, 
they should be bind to substances made by the body as self-reactive T cells can destroy normal tissues. Typcaily, 
35 only those thymocytes that make useful receptors wi mature fully and enter the bloodstream to patrol the body. 



Others that would be ineffectual or would attack the body's own tissue are, in heahhy individuals, ernwiated through 
apoptosis prior to leaving the thymus. 

Mature T cells that finally enter the circulation, either as cytolytic T lymphocytes or T helper cells, remain 
at rest unless they encounter antigens that their receptors can recognize. Upon encountenng the specilic antigens 
5 for which the lymphocytes have affinity, they proliferate and perform effector functions, the result of which is 
elimination of the foreign antigens. 

T cells have been classified into several subpopulations based on the different tasks they perform. These 
subpopulations include helper T cells (T,), which are required for promoting or enhancing T and B cell responses; 
cytotoxic (or cytolytic) T lymphocytes (CTL), which directly kill their target cells by ceil lysis; and suppressor T cells 

10 (Tjl which down-regulate the immune response. In each case the T cells recognize antigens, but only when presented 
on the surface of a cell by a specialized protein complex attached to the surface of antigen presenting cells. More 
particularly, T cells use a specific receptor, termed the T cell antigen receptor (TCR), which is a transmembrane 
protein complex capable of recognizing an antigen in association with the group of proteins collectively termed the 
major histocompatibility complex (MHO. Thousands of identical TCR's are expressed on each cell. The TCR is 

15 related, both in function and structure, to the surface antibody (non-secreted) which B cells use as their antigen 
receptors. Further, different subpopulations of T cells also express a variety of cell surface proteins, some of which 
are termed "marker proteins" because they are characteristic of particular subpopulations. For example, most T,, cells 
express the cell surface CQA protein, whereas most CTL and T, cells express the call surface CDS protein. These 
surface proteins are important in the initiation and maintenance of immune responses which depend on the recognittan 

20 of, and interactions between, particular proteins or protein complexes on the surface of APCs. 

For some time it has been known that the major histocompatibHity comptex or MHC actually comprises a 
series of glycosylated proteins comprising distinct quaternary structures. Generally, the structures are of two types: 
class I MHC which displays peptides from proteins made inskie the cell (such as proteins produced subsequent to 
viral repEcation), and class II MHC, which generally displays peptides from proteins that have entered the cell from 

25 the outside (sohible antigens such as bacterial toxins). Recognitwn of various antigens is assured by inherited 
polymorphism which continuously provides a dwerse pool of MHC molecuies capable of binding ar<y microbiai peptides 
that may arise. Essentially, all nucleated cells produce and express class I MHC which may exhibit naturally 
occurring peptides, tumor associated peptides or peptides produced by a viral mvader. Conversely, only a few 
speciaized lymphoid cells, those generally known as antigen presenting cells, produce and express class II MHC 

30 proteins. Regardless of the ceU type, both classes of MHC carry peptides to the eel surface and present them to 
resting T lymphocytes. Ordinarily T. cells recognize class II MHC-antigen complexes whOe CTL's tend to recognize 
cbiK I MHCantiftM rnmnUirpt 

When a resting T cell bearing the appropriate TCR encounters the APC displaying the peptide on its surface, 
the TCR binds to the peptide-MHC complex. More paaicularty, hundreds of TCR's bind to numerous peptide^HC 
35 complexes. When enough TCRs are contacted, the cumulative effect actwates the T cell. Receptors on T eels that 
are responsi)le for the specific recognhnn of, and response to, the MHC-antigen complex are composed of a complex 
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of several integral plasma membrane proteins. As with the MHC complex previously discussed, a diverse pool of 
ICR's is assured by inherent polymorphism leading to somatic rearrangement. It should be emphasized that, while 
the pool of ICR's may be diverse, each individual T cell only expresses a single specific ICR. However, each T 
cey typically exhibits thousands of copies of this receptor, specific for only one peptide, on the surface of each cell. 
5 In addition, several other types of membrane associated proteins are invoked with I cell binding and acthration. 

Activation of the T cell entails the generation of a series of chemical signals (primarSy cytokines) that result 
in the ceU taking direct action or stimulating other cells of the immune system to act. In the case of class I MHC- 
antigen activation, CTL's proliferate and act to destroy infected cells presenting the sanne antigen. Killing an 
infected cell deprives a virus of life support and makes it accessible to antibodies, which finally eiiminate it. In 

10 contrast, activation of T» cells by class II MHC-antigen complexes does not destroy the antigen presenting cell (which 
is part of the host's defense system) but rather stimulates the cell to proliferate and generate signals (again 
primarily cytokines) that affect various cells. Among other consequences, the signaling leads to B cell stimulation, 
macrophage acth/ation, CIL differentiation and promotion of inflammation. Ihis concerted response is relatively 
specific and is directed to foreign elements bearing the peptide presented by the class 11 MHC system. 

15 When operating properly the immune response is surprisingly effective at eliminating microscopic pathogens 

and, to a lesser extent, neoplastic cells. In general, the complicated mechanisms for self-recognition are very efficient 
and allow a strong response to be directed exclushrely at foreign antigens. Unfortunately, the immune system 
occasionally malfunctions and turns against the cells of the host thereby provoking an autoimmune response. 
Typicafly, autoimmunity is held to occur when the antigen receptors on inunune cells recognize specific antigens on 

20 healthy cells and cause the cells bearing those particular substances to die. in many cases, autoimmune reactions 
are self-limited in that they disappear when the antigens that set them off are cleared away. However, in some 
instances the autoreacthre lymphocytes survive longer than they should and continue to induce apoptosis or othemise 
eiiminate normal cells. Some evidence in animals and humans indicates that extended survival of autoreactive cells 
is implicated in at least two chronic autoimmune disorders, systemic lupus erythematosus and rheumatoid arthritis. 

25 

Other mechanisms of action are also thought to contribute to the devetopment of various autoimmune 
disorders. For example, over the last few years it has became clear that the avidity of T cell-APC interactions 
dictates thymic learning and tolerance to self antigens. Accordingly, high avidity interactions lead to elimination of 
the T eel whereas low avidity interactions aUow for maturation and exit from the thymus. Although this mechanism 

30 is effective in purging the immune system of autoreacthrity, T cell precursors endowed with self reactivity couM still 
be generated and migrate to the periphery if the autoantigen is sequestered and does not achieve effective levels 
of thymic nratantatinn k «ijhi»rtpH tn iinrnir crypticity, cr is pcsriy pressstsd. Msrssvsr, sapsrsntigsru cspsbls 
of reacting with particular T cell receptors and events that couU stimulate antigen mimicry, epitope spreading or 
peripharal loosening in peptkle crypticity may trigger activation of those seH reactwe I ceb and cause antigen 

35 exposure. In any case, continuous supply of autoantigen and abundant generation of T cell receptor bgands (peptide- 
MHC complexes) are a ikeiy mechanism of I ceU aggressivity. Examples of such a sponuneous break in self- 
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toleranca include multtpie sclerosis (MS), rtieumatoid arthritis (possibly more thaii one mechanism) and type I diabetes 
all of which are thought to be T ceU mediated autoinimune diseases. 

Regardless of which mechanism is responsible for the corruption of the immune system, the results can be 
devastating to the individual For example, multiple sclerosis is a chronic, inflammatory disorder that affects 
5 approximately 250,000 individuals in the United States. The inflammatorv process occurs primarily within the white 
matter of the central nervous system and is mediated by T cells, B cells and macrophages which are responsible for 
the danyelination of the axons. Although the clinical course can be quite variable, the most common form is 
manrfasted by relapsing neurological deficits including paralysis, sensory deficits and visual problems. 

Once immune cells have spread to the white matter of the central nervous system, the immune response 

10 is targeted to several different antigens on myelin. For example, there is a critical antibody response directed to 
myelin that activates the complement cascade with membrane attack complexes appearing in the spinal fluid. 
Further, T ceDs are targeted to certain key portions of various myelin antigens such as those presented on myelin 
basic protein (MBP) and proteoHpid protein (PLPl. The T ceUs in turn produce cytokines which then influence 
macrophages to attack the myelin and phagocytose large chunks of the myelin sheath. The concerted attack leads 

15 to areas of demyelination impairing salatory conduction along the axon and producing and the pathophysiologic defect. 
Multiple immune responses to several components of a supramolecular structure, like the myelin sheath in multiple 
sclerosis or the pyruvate dehydrogenase complex in primary biliary cirrhosis, are common in individuals with 
autoimmune diseases involving discrete organs. 

Treatments for autoimmune diseases have met with varying levels of success. For example, it is often 

20 possi)le to correct organ-specific autoimmune disease through metaboEc control Where function is lost and cannot 
be restored, mechanical substitutes or tissue grafts may be appropriate. However, no effective treatments exist for 
several of the most disabling disorders including MS. While a number of compounds, including corticosterioids and 
modified beta interferon, can reduce some symptoms of MS, they tiave proven to have serious side effects or 
otherwise been shown to be less than desirable for long tenn use. Other avenues of treatment have shown promise 

25 but have yet to be shown effectne. 

In this respect, one promsoig treatment for MS is described in WO 96/16086, incorporated herein by 
reference, which discloses the use of peptide analogs of myein basic protein (MBP). Compositions comprising these 
analogs are reportedly able to ameliorate symptoms of MS without excesshre side effects. Moreover, use of peptide 
analogs to myefin constitutive proteins were also shown to be effective in treating the symptoms of experimental 

30 aflergic encephabunyeitis (EAE), an organ spedfc immune dtsordsr often used in mice as a model for MS. 
Specificafiy, reversal of EAE was achieved with a peptide analog derived from proteolipid (PLP) peptide (Kuchroo et 
ai.. J. Immiuml. 153:3326-3336, 1994, incorporated herein by reference). It was shown that when the major TCR 
contacting residues within the naturally occurring PLP peptide were mutated, the resulting peptide analog bound MHC 
as wefl as the natural peptide yet does not activate PLP specific T cells. Instead the PLP analog inhibits in vitro 

35 activation of the T ceDs. 
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While peptide analogs represent an attractive approach to modulate the effector functions of aggressivB T 
cells and ameliorate autoimmune diseases, several problems limit their effectiveness. For instance, only a few MHC 
peptide complexes are available on the surface of a tYpical APC meaning a single complex may be required to serially 
trigger about 200 ICRs to activate the T ceil. Where the autoanttgen is continuouslv available for normal 
5 processing and presentation by the MHC system, it appears that very few surface MHC complexes would be available 
to bind the peptide analog. Further, as free peptides typicaUy have very short half-lives, they are not readily 
incorporated and processed by the MHC-antigen presenting system, fittle will be naturally expressed on the APC. 
Due to the inefficient presentation, direct inhibition of the thousands of ICR's on each T cell likely require 
prohibitively high intracellular leveU of free peptide. The turnover of cell surface MffC molecules also contributes 

10 to the short stay of complexes formed at the extracellular milieu (Le. MHC class II molecules have been in the cell 
surface for some time before binding the extracellular peptide) while complexes farmed in the endocytic compartment 
wi reside for a normal period of time because they have just been translocated to the cell surface. Finally, as 
previously alluded to, administration of such synthetic epitopes or analogs b extremely problematic in view of the 
short half-life of peptides in the mammalian body. Between the short half-lives of the MHC comptexes and the 

15 administered peptides, effective exposure is too brief to permit the induction of a satisfactory immune response 
further necessitating higher doses. 

Accordingly, it is a general object of the present invention to provide methods and associated compositions 
for effectively modifying the immune system of a vertebrate to treat an immune disorder. 

It is another object of the present invention to provide methods and compositions for the effective 

20 presentation of T cell receptor antagonists or agonists to modulate the cellular branune response in a subject in need 
thereof. 

It is yet a further object of the present invention to provide methods and compositions for the treatment 
and amelioration of various immune disorders. 

It Is yet another object of the present invention to provide methods and compositions for the induction of 
25 T cell tolerance in neonates or infants. 

It is stm another abject of the present invention to provide for the relief of pathological symptoms 
associated with autoimmune disorders including multiple sclerosis. 

Summary of the hwentbn 

30 These and other objectives are accomplished by the methods and associated compounds and compositions 

of the present Invention which, in a broad aspect, provides for an Fc receptor mediated, endocytic delivery system, 
hi selected embodiments the invention provides for the effective presentation of imnimnMinnratviva f artnr* Mrhirh 
in preferred embodiments may comprise T ceH receptor antagonists or agonists. More particularly, the present 
invention provides methods, compounds and compositions to present immunosuppressivB factors for the selective 

35 modification of an immune response in a vertebrate. In particulariy preferred embodiments, the invention provides 
for Fc receptor mediated endocytic presentation of a selected T eel receptor antagonist or agonist to modulate an 



immune response mounted against a specUic antigen. As will be appreciated by those sicilled in the art, the disclosed 
methods and compositions ttiay be used to treat any physiological disordar related to the immune response of a 
venebratB. For example, this ability to suppress selected components of the immune system may allow, among other 
thinfls, for the treatment of autoimmune diseases, facilitation of tissue or organ transptants and the mitigation of 
5 symptoms produced by attergens. Moreover, the present inventjon further provides for the induction of toterance in 
neonates and infants with regard to autoantigens. 

In preferred aspects of the invention, the endocytic presentation of the selected immunosuppressive factor 
is facilitated through the use of an immunomodulating agent that is able to bnd to the Fc receptor (FcR) of antigen 
presenting ceils. Typically, the immunomodulating agent will comprise at least one immunosuppressive factor 

10 associated with at least one ligand capable of binding to a Fc receptor. Upon binding to the antigen presenting cell 
(APC) the immunomodulating agent will be internalized and processed by the APC's natural endocytic pathway. 
Preferably, the Internaiized immunosuppressive factor, which can be a T cell receptor antagonist or agonist, will then 
be associated with the newly synthesized endogenous MHC class II structures and presented at the surface of the 
APC. Those skilled in the art will appreciate that the immunosuppressive factors, while completing with T cell 

15 receptors when bound to MHC class II structures, will not promote activation of the T ceD. It will further be 
appreciated that hundreds of TCR's on each T cell must be triggered in order to activate the cell. Accordingly, 
efficient presentation of an appropriate TCR antagonist or agonist can prevent a previously primed T cell (Le. one 
sensitized to a particular autoantigen) from actuating and triggering an immune response despite competitive 
presentation of the naturally occurring autoant'qen. 

20 in a broad sense, the immiinomodulating agents of the present invention may comprise any ligand (FcR 

ligand) that is capable of binding to, and being internalized by, the Fc receptor of an antigen presenting cell. That 
is, the FcR ligand may be any protein, protein fragment, peptide or molecule that effectively binds to a Fc receptor 
on the surface of any antigen presenting eel!. Preferably, the FcR ligand wil comprise or mimic at least some portion 
of a constant region of an inmunoglobulin molecule and will not provoke an antigenic response in the subject. In 

25 selected aspects of the invention, the FcR ligand wl comprise part or all of a constant region from an IgG molecule. 
ParticuiariY preferred embodiments will employ FcR ligands comprising the entire constant region of a selected 
immunoglobulin molecule from the species to be treated. Of course, it wSi also be appreciated that binding to the 
Fc receptor may also be effected by ligands that comprise small fragments of a single constant region domains or 
non amino acid based molecular entities. In any case, the FcR ligand may be derived using modem pharmaceutical 

30 techniques such as directed evohition, combinatorial chemistry or rational drug design. 

As previously alluded to, the compounds of the present invention further comprise an immunosuppressive 

factor aSS0Ciatl>(1 with thp FrR Bnanti tn nrnyirlo sn jrnmiiriCmcdliiftir.S Sgcr.t. Fsr the pUrpSSiS ii' the iiutdili 

invention the immunosuppressive factor can be any molecular antity that is capable of being processed by an APC 
and presented in association with class II MHC molecules on the ceB surface, tn particularly preferred embodiments 
35 the immunosuppressive factor comprises all or part of a T ceB antagonist. For the purposes of this disctosure the 
term 'antagonist' shall, in accordance with its normal meaning, comprise any substance that interferes with the 



physiological action of another by cooibining with, and blocliino, i« receptor. More particulariy, TCR antagonists 
are molecular entities that, in combination with class II MHC molecules, are capable of non-reactrvely associating 
with a T cell receptor and preventing that receptor from binding to its normal activating antigen ligand (lb. an MHC- 
peptide agonist). Preferably, the TCR antagonist comprises a peptide or protein fragment that is an analog of tf>e 
5 normal actwating antigen agonist. In particularfy preferred embodiments the TCR antagonist is an analog of a T ceil 
epitope. 

In other preferred embodiments the immunosuppressive factor may comprise a T cell agonist that forms a 
MHC complex which does not activate the primed TCR upon binding. For the purposes of the present disclosure, 
the term "agonist" shall be used in accordance vuith its commonly accepted bioctiemical meaning. In this regard it 

10 wil be appreciated that, while the T cell agonist may be any molecule that provides the desired immunogenic result, 
the selected agonist will preferably comprise a peptide or protein fragment. Moreover, those skilled in the art will 
appreciate that immunomodulating agents comprising one or more T cell receptor agonists may be combined with 
mmunomodulating agents comprising one or more T cell receptor antagonists to provide pharmaceutical formulations 
that may be used to selectively attenuate a patient's immune response. 

15 In the disclosed compounds and associated methods, the FcR ligand is associated with the 

immunosuppressive factor to form an immunomodulating agent so that both are internalized by the APC at 
substantially the same time. This association may be in the form of two or more molecules bound to each other 
as with an antibody-antigen complex or, in preferred embodiments, may comprise the formation of a single chimeric 
nwlecide incorporating both the immunosuppressive factor (ue. a TCR antagonist or agonist) and FcR ligand. For 

20 example, a selected TCR antagonist could be chemically inked to an FcR Bgand region produced by proteolytic 
techniques (Le. an Fc fragment). Other embodiments may comprise a normal mmunoglobulin comprising an FcR figand 
stericaly bound to an antagonistic or agonistic peptide. Particularly preferred embodiments of the invention comprise 
chimeric immunoglobulins produced through genetic engineering techniques. In these compounds the FcR ligand land 
usuaHy the majority of the molecule) comprises one or more immunoglobulin constant regions while one or more of 

25 the variable regions is engineered to express a desired peptide TCR antagonist or TCR agonist. Those skilled in the 
art wl appreciate that any combinatnn of the aforementioned immunomodulating agents may be sssociated to form 
compositnns of the present invention as can sim9ar immunomodulating agents comprising different immunosuppressne 
factors. Moreover, as previously alluded to, mixtures or 'cocktaib' of various immunomodulating agents are 
spedficaly contemplated as falmg within the scope of the present invention. 

30 The diseased compositions may be formulated using conventional pharmaceutKal technques and carriers 

and may be administered through the usual routes. However, the use of FcR mediated uptake of the 
imimjnnfnnrfijbtinn anont aynidi rr,,f,y nf tho prsb!-!!'.: sssoci'tsd w!th prisr 2rt ccispcsiticp.:. Msrs spscif icsL'y, ths 
methods of the present invention overcome many of the limitations associated with the administration of free peptide 
antagonists as disclosed in the prior art. Accordingly, efficient endocytic presentation of an immunosuppressive 

35 factor such as a TCR antagonist can generate significant levels of MHC-antagonist igands to oppose abundant MHC- 
autoantiganic complexes that are generated in spontmeous immune disorden involving the continuous presentatnn 
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of an autoreactive antigen. As such, the invention may be used to treat any immune disorder that responds to the 
presantation of immunosuppressive factors. This is particuiariy true of T caU mediated autommune disorders 
including, for example, multiple sclerosis, lupis, rheumatoid arthritis, scleroderma, msuiin-dependent diabetes and 
ulcerativB colitis. In a like manner, the present invention can be used to selectively downregulate the immune system 
¥tftth respect to continuously presented agonists such as allergens. Further, the compounds and associated 
compositions of the present invention may be used to selectively suppress various components of the immune system 
to reduce the likelihood of tissue or organ rejection foUowing transplant. 

In addition, it has been surprisingly found that the compounds, compositions, and methods of the present 
invention may be used to induce tolerance to various autoantigens in neonates and infants. More particularly, the 
present invention further provides compositions and methods for conferring resistance in neonate or infant mammals 
to the induction of an autoimmune disease during adult life. In accordance with the teachings herein this neonatal 
tolerance is characterized by a lymph node deviation and unusual gamma interferon mediated splenic anergy upon 
challenge with the appropriate autoantigen. Further, in preferred embodiments the present invention may provide for 
the induction of the desired neonatal tolerance without the use of adjuvants isuch as incomplete Freund's adjuvant). 

Other objects, features and advantages of the present invention will be apparent to those skilled in the art 
from a consideration of the following detailed description of preferred exemplary embodiments thereof taken in con- 
junction with the figures which will first be described briefly. 

Brief Description of the Drawings 
Figs. 1 A and IB are schematic representations of chimeric immunoglobulin G (IgG) molecules illustrating the 
general features thereof and the inclusion of foreign peptides within the CDR 3 loop of the heavy chain variable 
region wherein Fig. 1A (Ig-PLPI) shows the insertion of a naturally occurring peptide PLP1 (agonist) derived from 
proteolipid protein while Fig. IB (Ig PLP LR) illustrates an immunomodulating agent comprising the inclusion of a 
peptide analog lantagonist) to PLP1 termed PLP-LR; 

Figs. 2A and 2B are graphical representations iflustrating the capture of chimeric antibodies Ig PLPI and 
Ig PLP-lR, which correspond to those shown in Figs. lA and IB respecthrely, using antliadies directed to the 
corresponding free peptides wherein Ffl. 2A shows capture leveis by antibodies directed to PLPl and Fig. 2B shows 
capture leveb by antibodies directed to PLP-LR with Ig-W, a wild type antibody, acting as a negative control- 
Figs. 3A and 3B are graphs 8histrating the presentation of Ig-PLPl and ig PLP-LR (as well as positwe and 
negative controls) to PLPI-spccific T ceH hybridomas 4E3 IFig. 3A) and 5B6 (Fig. 3B) to determine the relative T cell 
activation potentials of the chimeric knmunoglobulins as measured by IL-2 production; 

Fig. 4 is a graphical representation illustrating the raiathre effectiveness of presenting PLP1 using the 
chmeric antibodies of the present invention (Ig PLPl) versus the free peptide PLPl or the native proteolipid protein 
(PIP) as measured by levels of IL-2 production foUowing incubation with splenic SJL antigen presenting cells and 
PLP1 specific 4E3 T cell hybridoma; 



Figs. 5A. 5B and 5C are graphical comparisons showing Ig-PLP LR antagonism of PLP1 (5A), Ig-PLPI (58} 
and PLP (50 mediated T cell activation as measured by IL-2 production by T cell hybridoma 4E3 in the presance 
of SJL splenic APCs that were previously incubated with the respectwe agonist and various levels of Ig PLP LR or 
controls; 

5 Fig. 6 is a graph showing the relative antagonism of lg-PLP2, Ig PLP LR and Ig-W as measured by ttie 

production of IL-2 by T cell hybridoma HT-2 in the presence of SJL splenic APCs that were previously incubated with 
native proteolipid protein in combination one of the aforementioned immunoglobulins; 

Figs. 7A and 7B are graphs demonstrating the ki vivo presentation of PLP1 following inoculation with Ig 
PLPl as measured by ^H thymidme incorporation by cells from the lymph node (7A) or the spleen (7B) wherein the 
10 Illustrated values represent the ability of cells harvested from individual mice to generate a T ceH response as 
measured by ^H-thymidine incorporation when exposed to agonist PLPl or the control peptide PLP2; 

Figs. 8A and 8B are graphical representations showing the ability of Ig PLPLR to reduce the immune 
response to PLP1 peptide when co-administered with Ig-PLPI as measured in murine cells from the lymph node (8A) 
or the spleen (SB) wherein the illustrated values represent the ability of cells harvested from individual mice to 
15 generate a T cell response as measured by ^H-thymidine incorporation when exposed to PLPl; 

Figs. 9A and SB are graphs demonstrating that mice inoculated with a mixture of Ig-PLP-LR and Ig-PLPI 
develop a more vigorous immune response to the peptide analog PLP-LR than peptide PLPl as measured in cells from 
the lymph node (9A) or the spleen (9B) wherein the iustrated values represent the ability of cells harvested from 
individual subjects to generate a T ceH response as reflected by ^-thymidine incorporation when exposed to either 
20 PLPl peptide or the peptide analog PLP-LR. 

Figs. 1 0A- 100 are graphical representations of lymph node proEferative responses to immunization with Ig- 
PIP chimeras with mice individually tested in triplicate weBs for each stimulator and where the indicated cpms 
represent the mean t SO after deduction of background cpms; 

Fig. 1 1 is a graphical representation of lymph node T cell proliferative response to co-immunization with 
25 ig-PLPl and Ig-PLPLR with stimulators comprising PPD, 5 mM. PLP 1, PLP-LR, and PLP2 at 15 wi/mi; 

Fig. 12 is a graphical represetrtation of splenic profferathre T ceSs responses of mice immunized with Ig-W, 
Ig-PLPI, IG PLP LR and combinations thereof when stimulated with PLPl (fiBed bars) and PLP-LR (hatched bars) in 
tripicate wells; 

Hgs. 13A-13C are graphical representations of IL-2 (13A), INF^ (138), and IL4 (13C) production by splenic 
30 ceSs of mice imiminized with Ig-W, Ig-PLPI, Ig PLP LR and combinations titereof; 

Figs. 14A-140 graphicaHy illustrate proliferation of antigen experienced T ceHs from mice immunized with 
Ig-PLPI (a and hi or In-Pi P I R (r and H) in CFA ijnnn «ti?nij!3tif!n in fitr? with PLP! psptid::, PLPLR pcptidss srd 
mixtures thereof; 

Figs. 15A and 15B are graphical representations of IL-2 production by antigen experienced T cells immunized 
35 with lg-PLP1 (15A) and Ig PLP-LR (158) upon in vitro stimulation with PLPl peptide, PLP-LR peptide or mixtures 
thereof; 
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Figs. 16A and 16B graphically Blustrate that neonatal mice injected with Ig-PLPI and Ig-W resijt mduction 
of EAE with dinically derived curves shown for aU mice (16A) and for surviving mice (lEB); 

Figs. 17A and 17B graphically show in vhro presentation of Ig PLPI by neonatal thymic (17A) and splenic 
(17B) antigen presenting cells following injection with Ig PLPI or Ig W within 24 hours of birth; 
5 Figs. ISA and 18B graphically illustrate lymph (ISA) and splenic (18B) proliferative T cell response in mice 

mjected with Ig PLPI or Ig W shortly after birth upon stimulation with free PLP1, PLP2 or a negative control peptide 
corresponding the encephalitogenic sequence 176-191 of PLP; 

Figs. igA-19C graphically represent lymph node T ceU deviation as measured by production of IL-2 (19A), 
IL4 1198), and INFk (190 in mice treated with Ig PLPI shortly after birth and stimulated with free PtPI or PLP2; 
10 Figs. 20A-20C graphically represent splenic T cell deviation as measured by production of IL-2 (20A), IL-4 

(20B), and INF/ (20C) in mice treated with Ig-PlPI shortly after birth and stimulated with free PLP1 or PLP2; 
and 

Fig. 21 graphically illustrates cytokine mediated restoration of splenic T ceil proliferation in mice injected 
with Ig-PLPI shortly after birth, immunized with free PLP1 at seven weeks and stimulated with free PLP1 with the 
15 cells grown in control media (NIL) media with IL-12 and media with INFk with the indicated cpms tor each mouse 
representing the mean ± SD of triplicate wells. 



Detailed Description of the Preferred Enfifaoditiwnt 

20 While the present invention may be embodied in many different forms, disclosed herein are specific 

Hustrative embodiments thereof that exenqilify the principles of the invention, ft should be emphasized that the 
present invention is not limited to the specific embodiments Sustrated. 

As previously alluded to, the present invention provides compounds, composittons and methods for selectively 
modifyine the immune response of a vertebrate using an Fc receptor mediated endocytic delivery system. EssentiaRy, 

25 any immunomodulating agent that can exploit this form of cellular uptake to downregulate the immune system is held 
to constitute part of the present invention. Among other forms, the immtmomoduiating agents of the inventton may 
comprise single polypeptides, antigen-antibody complexes, chineric antibodies or non-peptide based inmumaactive 
compounds. In preferred embodiments the immunomodulating compounds disclosed herein wiH comprise at least one 
FcR igand and at least one immunosuppressive factor that is capable of downregulating an immune response upon 

30 endocytic presentation. Particularly preferred embodiments of the invention comprise an immunomodulating agent 
wherein the immunosuppressive factor b a T eel receptor antagonist or agonist that is capable of binding with a 

embodiments, the presented immunosuppresshre factor wil effactnely compete with selected naturaly occurring 
•utoantigens thereby preventing the acthration of the corresponding primed T cells and reducing the response 
35 generated. This selective suppression of the immune system may, among other indications, be used to treat 
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symptoms associated with immune disorders, including T cell mediated autoimmune disorders, allergies and tissue 
rejection in trattsplant operations. 

Accordingly, in one embodiment the present invention comprises an immunomodulating agent for ttie 
endocytic presentation of an immunosuppressive factor on the surface of an antigen presenting cell of a vertebrate 
5 comprising at least one Fc receptor ligand and at least one inuminosuppressive factor. Preferred embodiments 
comprise a Fc receptor iigand corresponding to at least a part of an immunoglobulin constant region domain while 
tfie immunosuppressive factor corresponds to at least one T cell receptor antagonist. Other preferred embodiments 
incorporate an immunosuppressive factor comprising a T cell receptor agonist. In particularly preferred embodiments 
the immunomodulating agent comprises a recombinant polypeptide or a chimeric antibody. 

10 By exploiting FcR mediated uptake of the selected immunomodulating agent the present invention very 

ckverly uses the body's own metabolic pathways to downregulate harmful immune responses. More specificelly, 
the present invention uses the fact that T cells only recognize and respond to foreign antigens only when attached 
to the surface of other cells. Selection of the appropriate immunomodulating agent or agents in accordance with 
the teachings herein provides for the efficient uptake of the administered compound. Following FcR mediated uptake, 

15 the natural endocytic pathway of antigen presenting cells provides for the effective presentation of the selected 
immunosuppressive factor complexed with the MHC class II molecules. 

As described above, the two requisite properties that allow a cell to function as an antigen presenting cell 
for class 11 MHC-restricted helper T cell lymphocytes are the ability to process endocytosed antigens and the 
expression of class II MHC gene products. Most cells appear to be able to endocytose and process protein antigens. 

20 Accordingty, the determining factor appears to be the expression of class II MHC molecules. In this respect, the best 
defined antigen presenting cells for helper T lymphocytes comprise mononuclear phagocytes, B lymphocytes, dendritic 
cells, Langerhans ceDs of the skin and, in some mammals, endothelial eels. Of course it will be appreciated that 
different cells may be concentrated in different areas and may be involved in different stages of the T ceil mediated 
Iminune response. In any case, the term 'antigen presenting cell' or 'APC as used herein shall be held to mean 

25 any eel capable of nducing a T ceil mediated immune response through the processing and surface presentation of 
an MHC class ll-antigen complex. As such, the selected FcR igand may interact with any of a number of different 
Fc receptors found on a variety of cell types to promote endocytosis of the immunomodulating agent. By way of 
example only, selected human Fc receptors that may be employed include the FckRI, FckRIIA, FckRHB, FcpflniA or 
FckRIIIB subfamifies. 

30 More generally, in accordance with the present invention those sktfled in the art wHI appreciate that any 

igand capable of binding to an FcR complex and initiating endocytosis is compatible with the present invention and 
may be incorporated in the disclosed Immiinnmnriiilatlnn »nPBt$ Acccrdinsly, FcR iigsnd: risy ccTipriis, hat srs nst 
fanited to, peptides, proteins, protein derivatives or smaU molecular entities that may or may not incorporate amino 
acids. For example, small molecules derhred using modem biochemical techniques such as combinatorial chemistry 

35 or rational drug design may be employed as long as they provide for the requisite APC uptake. 
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While It must be emphasued that any type of compatible moiacule may be used, the FcR ligands of the 
present invention wil preferably comprise one or more peptides. More preferably, the FcR iigand will comprisa at 
least a part of a domain ot a constant region of an immunoglobulin. In particularly preferred embodiments the FcR 
Iigand will comprise one or more domains derived from a constant reflion of an inmunoglobulin molecule. Tliose 
5 skflled Bi the art will appreciate that various immunoglobulin isotypes and allotypes may be employed as desired. 
For example, compatible FcR ligands may be selected from amino acid sequences corresponding to those found in 
the constant regions of IgG, IgE, IgA or IgM. Among other factors, selection of a particular isotype for use as a 
FcR Iigand may be predicated on biochemical properties such as binding coefficients or low irnmunoreactivity in the 
species to be treated. Similarly, the selection of a single domain, fragment thereof or multiple domains may be 

10 determined based on biochemical factors or, ultimately, presentation efficiency. 

Yet, efficient presentation via the endocytic pathway is typically not enough to selectively downregulate 
the immune response with regard to a particular antigen. Accordingly, knmunomodulating agents of the present 
invention further comprise an immunosuppressive factor. In accordance with the scope of the present invention the 
inmunosuppressive factor may be any compound that, when andocytically processed and presented on the surface 

15 of an APC in conjunction with a MHC class II complex, wDI downregulate the immune system. As such, 
immunosuppressive factors may comprise small molecules, peptides, protein fragments, or protein derivatnes. In 
preferred embodiments the immunosuppressive factor acts as an antagonist when presented on the surface of the 
APC in that it interferes with the binding of a similarly presented agonist to a selected receptor. In particularly 
preferred embodiments the immunosuppressive factor comprises a T cell receptor antagonist that will associate with 

20 a T cefl receptor without activating an immune response. Further, other embodiments of the invention comprise 
inrniunomodulating agents incorporating T cell receptor agonists that reduce the immune response to the subject 
autoantigen. 

Whie any functionally compatible molecule may be used as an immunosuppressive factor in accordance with 
the present invention, those skBled in the art will appreciate that protein fragments or peptides are particularly 
25 suitable for use in the disclosed compounds and methods. Such molecules are readily processed by the normal 
endocytic pathways and are easily presented in concert with the MHC class II molecules on the surface of the 
antigen presenting cell. Moreover, as the majority of agonist compounds evoking an unwanted immune response are 
typicafly protein fragments. T ceil receptors are usually most responsive to sanflar fragments whether they are 
agonists or antagonists. In particularly preferred embodiments, the immunosuppressive factor wi be an anakig of 
30 i selected peptide or protein fragment that is immunoreactive with a chosen T eel receptor. 

'Peptide analogs" or "analogs,' as used hereia contain at least one different amino acid in the respecthre 

rnrramnnffmn «oni_wnrp? hntuwppn fhp anainn anri thp natiua nrntpjn franinpnt nr nantHia. IJnIn** nthanvwa jnijicstsd 

a named amino acid refers to the L-form. An L amina add from the native peptide may be altered to any other one 
of the 20 L-amino acids commonly found in proteins, any one of the corresponding O-amino acids, rare amino acids, 
35 such as 4-hydroxyprofine, and hydroxylysine, or a non-protein amino acid, such as B-alanine and homoserine. Also 
included with the scope of the present invention are amino adds which have been altered by chemical means such 
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as methylation (e.g., a methylvaline), amidation of the C terminal amino acid by an alkylamine juch as ethylamine, 
Bthanolamine, and ethylene diamine, and acylaimn or methylation of an amino acid side chain function |e.g., acylation 
of the epsilon amino group of lysine). 

Methods for selecting efficient peptide antagonists for treating multiple sclerosis (MS) are provided in PCT 
5 Publication No.: WO 96/16086 which has previously been incorporated into the instant application by refarsnce. The 
disclosed methods may be used in concert with the present invention to provide effectws immunosuppressWe factors 
for incorporation in the disclosed immunomodulating agents. For example, using assays detailed below candidate 
peptide analogs may be screened for their ability to treat MS by an assay measuring competitwe binding to MHC, 
T cell proliferation assays or an assay assessing induction of experimental encephalomyelitis (EAE). Those analogs 

10 that inhibit binding of the native autoreactive peptides, do not stimulate proliferation of native peptide reactive cell 
lines and inhibit the development of EAE (an experimental model for MS) by known autoantigens are useful for 
therapeutics. Those skilled in the art will appreciate that similar types of assays may be used to screen 
immunosuppresswe factors for other native peptides {i.e. continuously presented autoantigens) and other immune 
disorders. In particularly preferred embodiments the selected immunosuppresswe factors comprise analogs of T cell 

1 5 epitopes. 

More generally, immunosuppressive factors may be derived for a number of diseases having a variety of 
immunoreactive agents without undue experimentation. For example, peptide analog antagonists or agonists may be 
generated for T cell epitopes on both proteolipid protein or myelin basic protein to treat multiple sclerosis. Similarly, 
T cell receptor antagonists or agonists may be derhred from T cell epitopes of the pyruvate dehydrogenase complex 

20 to treat primary biBary cirrhosis. In both cases the derived immunosuppressne factors wii] be incorporated in a 
inmunomodulating agent as described herein and administered to a patient in need thereof. Effecthre presentation 
of the immunosuppressive factor will selecthrely reduce stimulation of the autoreactive T cells by nathre peptide 
thereby relieving the symptoms of the subject immune disorder. 

The selected immunosuppressive factor and FcR igand, together comprising an immunomodulating agent, 

25 may be effectively administered in any onu of a number of forms. More particularly, as described above, the 
nmunomodulating agents of the present mvention may combine any form of the respective elements that are 
functionally effectwe in selectively suppressing the immune response. For example, the immunomodulating agent may 
can^irise a recombinant polypeptide or protein produced using modem molecular biology techniques. In such cases 
the FcR Egand may comprise a fragment of a single immunoglobulin region constant domain or, preferably, the entire 

30 constant region. In other embodiments the immunomodulating agent may comprise a stericaOy bound antibody-antigen 
complex wherein the antigen comprises a T cell receptor antagonist or agonist. Other preferred embodiments feature 

•n ■mniinnmnHiijatinn snont rnmnricinn 9 rhimprir antihnriy MtiPfpin an anmiinnttinnrRsme fartnr ic sxpfSSSSd Cf! 

the Fab fragment. In still other embodiments the immunomodulating agent may comprise two covalently Gnked 
molecules which comprise a effective FcR Sgand and immunosuppresshre factor respectively. 
35 Particularly preferred embodiments of the instant invention wl employ recombinant nucleotide constructs 

to code for immunomodulating agents comprising a single fusion polypeptide. Those skied in the art wi appreciate 
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that standard genetic engineering technology can provide fusion proteins or chimeras that viH comprise at least one 
FcR tigand and at least one immunosuppressive factor. As used herein the terms "chinera" or "chinuric" wil be 
used in their broadest sense to encompass any polynucleotide or polypeptide comprising sequence fragments from 
more than one source. For example, a genetically engineered polypeptide incorporating a peptide TCR antagonist and 
5 a single Fc domain from an IgG molecule could properly be termed a chimeric or fusion protein. SinHarty, a chimeric 
antibody may comprise a recombinant heavy chains engineered to incorporate a heterologous peptide 
mmunosupprassive factor and a wild type ight chains. For the purposes of the present invention, it is not necessary 
that the disparate regions be derived from different species. That is, a chaneric antibody may comprise human ight 
and heavy chains and an engineered human TCR antagonist expressed in a CDR. Conversely, chimeric 

10 immunomodulating agents may comprise FcR ligands and immunosuppressive factors derived from different species 
such a human and mouse. As such, one aspect of the present invention comprises recombinant 

polynucleotide molecule encoding a polypeptide wherein said polynucleotide molecule comprises at least one nucleotide 
sequence corresponding to a Fc receptor ligand and at least one nucleotide sequence corresponding to an 
immunosuppressive factor. Preferably the immunosuppressive factor will correspond to a T cell receptor antagonist 

15 or agonist and the Fc receptor ligand corresponds to at least one constant region domain of an immunoglobulin. In 
a particularly preferred embodiment the polynucleotide molecule encodes a nucleotide sequence corresponding to an 
immunoglobulin heavy chain wherein a complementarity determining region has been at least partially deleted and 
replaced with a nucleotide sequence corresponding to a T cell receptor antagonist or agonist. Compositions 
comprising mixtures of immunosuppressive factors may also be used effectively in accordance with the teachings 

20 herein. 

In any case. DNA constructs comprising the desired immunomodulating agents may be expressed in either 
prokaryotic or eukaryotic cells using technkjues wed known in the art. See, for example, Maniatis, et al., Mokcubr 
Chning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York, 1982 which is incorporated herein by 
reference. In preferred embodiments the engineered plasmid will be transfected into knmortal cell lines which secrete 

25 the desired product. As known in the art, such engineered organisms can be modified to produce relatwely high 
levels of the selected immunomodulating agent. Ahemathrely, the engineered moiecuies may be expressed in 
prokaryotic eels such as L coFi. Whatever production source is employed, products may be separated and 
subsequently formulated into deliverable compositions usmg common biochemical procedures such as fractionation, 
chromatography or other purification methodology and conventional formulation technques. 

30 Accordingly, another aspect of the invention comprises a method for producnig an irmminomodulating agent 

for the endocytic presentation of an inmunosuppressivB factor on the surface of an antigen presenting cell of a 
vertebrate comprisina the steps of: 

a. transformmg or transfecting suitable host ceHs with a recombinant polynucleotide molecule 
comprising a nudeotide sequence whKh encodes a polypeptide comprising at least one Fc receptor ligand and at least 

35 one nmunosuppresshre factor; 



b. culturmg the trarsformed or transfected host cells under conditions in which said celts express 
the recombinant polynucleotide molecule to produce said polypeptide wherein the polypaptide corDprises at least a 
part of an immunomodulating agent; and 

z. recovering said immunomodulating agent. 
5 Similarly, another aspect of the invention comprises transfected or transformed cells comprising a 

recombinant polynucleotide molecule encoding a polypeptide wherein the polypeptide comprises at teast one Fc 
receptor hgand and at least one immunosuppressive factor. 

In both of the preceding aspects, the immunosuppressree factor is preferably a T cell receptor antagonist 
or agonist and the Fc receptor ligand preferably comprises at least part of an immunagiobulin constant region domain. 
10 More preferably, the immunomodulating agent comprises a poly peptide or chimeric antibody wherein at least one 
complementarity determining region ICDR) has been replaced with a T cell receptor antagonist or agonist. 

It will further be appreciated that the chimeric antibodies, polypeptides and other constructs of the present 
invention may be administered either alone, or as pharmaceutical composition. Briefly, pharmaceutical compositions 
of the present invention may comprise one or more of the immunomodulating agents described herein, in combination 
15 with one or more pharmaceutically of physiologically acceptable carriers, dBuents or excipients. Such composition 
may comprise buffers such as neutral buffered saline, phosphate buffered saline and the like, carbohydrates such 
as glucose, mannose, sucrose or dextrans, mannitol, proteins, polypeptides or amino acids such as glycine, 
antioxidants, chelating agents such as EDTA or glutathione, adjuvants (e.g. aluminum hydroxide) and preservatrees. 
In addition, phamiaccutical compositions of the present invention may also contain one or more additional active 
20 ingredients, such as, for example, cytokines like B-interferon. 

In this respect a further aspect of the present invention comprise pharmaceutical compositrans for the 
endocytic presentation of an immunosuppressive factor on the surface of an antigen presenting cell of a vertebrate 
comprising at least one immunomodulating agent and a pharmaceuticaly acceptable carrier, said at least one 
immunomoduiating agent comprising at least one Fc receptor ligand and at least one immunosuppresshre factor. 
25 Simiarly. the invention comprises methods for the preparation of a pharmaceutical composition to treat an immune 
ifisorder comprising combining at least one immunomodulating agent with a physntogicaly aeceptabia carrier or diuent 
wherain said immunomodulating agent comprises at least one Fc receptor ligand and at least one immunosuppressive 
factor, bi both of these aspects the immunosuppresshre factor may comprise a T cell receptor antagonist or agonist 
and the Fc receptor Bgand may comprise at least part of a immunoglobuSn constant region domain. Preferably, the 
30 immunomodulating agent wl be in the form of a recombinant polypeptide or a chimaric ant&ody. 

As indicated above, immunomodulating agents comprising chimeric antibodies are a particulariy preferred 

ainect nf thd invsntinii .liirh i»nt8iniiii>« may h» inmoA hu juhetitiitinj > !f»i!wjr!5I'jppre2Sj¥5 fSCtOr, typiCSSy S 

paptide TCR antagonist, for at least part of one or more of tiie complementarity determining regions (CDR). As wiB 
b« described more fuUy in tiie Examples below, the nucleotide sequence coding for the heavy chain may be engineered 
35 to replace all or part of at least one CDR with a peptide analog of aB or part of an autoantigen. Upon expression 
by the proper cell iie, the recombinant heavy chains can complex with wiU type light chains to form an 
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immunoreactlve tetramer displaying two itnmunosuppresjne factors. Those skited in the art wi tpprtdatB that the 
■nmunoglobulin molecules may be selected from the species to be treated so as to minimize the generation of a 
harmful inmune response (Le. a human antknouse response). As the constant rBfllon of the selected immunoglobulin 
is essentially unmodified, this form cf immunomodulating agent is readily endocytosed aUowino for effecthre 

5 presentation of the associated immunosuppressive factor. 

In other forms, the immunomodulating agents of the present invention may comprise an antigen-antibody 
complex wherein the antigen is an immunosuppressive factor. It will be appreciated that modem immunological 
techniques may be used to generate and purify the desired antibodies which are preferably monodonaL By way of 
example only, a selected peptide antagonist or agonist (Le. an analog of a peptide lutoantigen) may be injected into 

10 a mouse to provide inununoreactive cells which may then be harvested and nunortaliud using standard methods, 
if desired, the murme monoclonal may be 'humanized* using conventional recombinant procedures leaving a small 
murine variable region expressed on an otherwise human immunoglobulin that will not provoke a harmful immune 
response in a patient. In any case, the monoclonal antibody is complexed with the immunosuppressive factor to form 
the desired immunomodulating agent which may then be formulated and administered as described above. With the 

15 intact constant region forming the FcR iigand, phagocytation should be relatively rapid and presentation of the 
attached immunosuppressive factor efficient. 

Although embodiments may comprise the Fc receptor iigands corresponding to the entire constant region, 
it must be emphasized that the present invention does not require that the adnniistered immunomoduiating agent 
comprise an intact immunogkibuiin constant region. Rather, any FcR igand that can bind to the FcR and undergo 

20 mdocytosis may be osed in conjunction with the selected ImnHinasuppresswe factor. SpecificaBy, angle domains 
of constant regions or fragments thereof may be combined with peptide antagonists to form monomeric pofypeptides 
(having a single amino acid chain) that can suppress the immune system in accordance with the teachings herein. 
Such fusion proteins may be constructed which, having the minimum effective FcR ligantf andfor imnwnosupprassiva 
factor, may be much more stable thereby facilitating delivery and possibly increasing bioavaiabifitY. Moreover, these 

25 engineered proteins may be able to be administered over a period of time without provoldng an iRHmine response as 
is seen when administering whole antbodies of heteroiogoos species. As such, relatwely smal chimeric iwlypap ti d e s 
may prove to be effective immunomoduiating agents. 

Smiarly, non peptide based molecular entities may prove to be efficient FcR Iigands, immuooi«|ipressive 
factors or, in combination, immunomodulating agents. Those skiled in the art wi appreciate that moiecoiar antities 

30 (peiitids based or non-peptide based) that function effectwety in a selected role (Le. FcR igand) may be provided 
using current procedures such as combinatorial chnnistry, directed evolution or rational drug design. For example, 
it may be possibte to use rational drug design to fashion i small non-peptide molecular entity that effectively binds 
to a previously elucidated Fc receptor. The derived FcR Iigand may then be covalenthr inked (or otherwise reverslihf 
associatedl with an immunosuppresshra factor such as a peptide antagonist to provide an immunomodulating agent 

35 that exhfeits partkular stability or other desirable traits. 
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Whatever iorrn of iminunomodulating agent selected the compojitions of the present invention may be 
formulated to provide desired stability and facilitate the selected form of administration. For example, the 
compositions may be administered using all the conventional routes including, but not iimited to, oral, vaginal aural, 
nasal, pulmonary, intravenous, intracranial intraperitoneal subcutaneous, or intramuscular administration. Within 
5 other embodiments of the invention, the compositions described herein may be administered as part of a sustained 
reiaase implant. Within yet other embodiments, compositions of the present invention may be formulated as a 
fyophiiizate or spray dried formulation, utilizing appropriate excipients which provide stability as a lyophiizate, and 
subsequent to rehydration. 

The present invention is useful for the treatment of any vertebrate comprising an immune system subject 
10 to down regulation. The invention is particularly useful in those vertebrates such as mammals that possess ceBuiar 
immune responses. In preferred embodiments the vertebrate to be treated wil be in a neonatal or infant state. 

In this respect, a further aspect of the invention comprises a method for treating an immune disorder 
comprising administering to a patient a therapeutically effecthre amount of a pharmaceutical composition comprising 
an immunomoduiating agent in combination with a physiologically acceptable carrier or diluent wherein said 
15 immunomoduiating agent comprises at least one Fc receptor tigand and at least one immunosuppresswe factor. For 
this aspect, the immunosuppressive factor may comprise a T cell receptor antagonist and the Fc receptor iigand may 
comprise at least part of a immunoglobulin constant region domain. As previously alluded to, the immunomoduiating 
agent will preferably be in the form of a recombinant polypeptide or a chimeric antSiody. The methods may be used 
treat immune disorders comprising autoimmune disorders, allergic responses and transplant rejection and are 
20 particulariy useful in treating autoimmune disorders selected from the group consisting of multiple sclerosis, hipis, 
rheumatoid arthritis, scleroderma, insuBn-dependent diabetes and ulcerative colitis. 

As discussed above, the compositions, compounds and methods of the present invention are particularly 
useful for inducing tolerance in neonatal or infant mammals thereby preventing or reducing" future autoimmunity. The 
term 'infant* as used herein, refers to a human or non^uman mammal during the period of life foiioMring birth 
25 wherein the immune system has not yet fully matured. In humans, this period extends from birth to the age of about 
nine months whte in mice, this period extends from birth to about four weaks of age. The terms 'newbom' md 
"neonate" refer to a subset of infant mammals which have essentiaiy just been born. Other characteristics 
associated with 'infants' according to the present invention include an immune response which has & susceptibfty 
to high zone tolerance (deletion/anergy of T ceil precursors, increased tendency for apoptosts); (i) a Th, biased helper 
30 response (phenotypical particularities of neonatal T cells; decreased CD40L expression on neonatal T eels); (iii) 
reduced magnitude of the cellular response (reduced number of functional T cells: reduced antigen-presentng ceD 
function); and fiv) reduced magnitude and restricted type of humoral response (predominance of IgNT**, IgD*", B cells, 
reduced cooperation between Th and B cellsl. In specific nonlimiting embodiments of the invention the ifisdosed 
immunmodulating agents may be administered to an infant mammal wherein maternal antiwdies remain present in 
35 detectable amounts. In a related embodimeat, the pregnant mother may be inocuiatBd with the disclosed 
compositions so as to produce the desired T eel tolerance in the fetus, bi any case the induced T ceO tolerance 
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may confer resistance to the later deveiopment of an autonnmune disease assocated with the adirantstered 
inununomodulating agent. 

Regardless as to whether the subject is an infant or full grown, the pharmaceutical compositions of the 
present invention may be administered in a manner appropriate to the disease to be treated <or prevented). The 
5 quantity and frequency of administration will be determined by such factors as the condition of the patient, and the 
type and severity of the patients disease. Within particularly preferred embodiments of the invention, the 
pharmaceutical compositions described herein may be administered at a dosage ranging from 1//g to 50 mg/kg, 
although appropriate dosages may be determined by clinical trials. Those skDIed in the art will appreciate that 
patients may be monitored for therapeutic effectiveness by MRI or signs of clinical exacerbation. 

10 Following administration, it is believed thai the immunomodulating agent binds to one or more Fc receptors 

present on the surface of at least one type of antigen presenting cell. Those skilled in the art will appreciate that 
selection of the FcR ligand will, at least to some extent, determine which class of Fc receptor is used to intemabze 
the immunomodulating agent. That is, a FcR ligand corresponding to an IgG constant region will be bound by a 
different class of Fc receptor than a FcR ligand corresponding to an IgE constant region. Moreover, as different 

15 classes of Fc receptors are expressed on different types of antigen presenting cells it is possible to present the 
immunosuppressive factor on selected APCs. For example, an FcR ligand corresponding to an IgG constant region 
is ikely to be endocytosed by a macrophage or neutrophil and presented accordingly. This is of interest in that 
certain APCs are more efficient at presenting various types of antigens which, in turn, may influence which T cells 
are acthrated. 

20 In any case, the entire immunomodulating agent is subjected to receptor mediated andocytosis by the APC 

and usually becomes Realized in clathrin coated vesicles. After internalization, the immunomodulating agent is 
processed for eventual presentation at the surface of the APC. Processing generally entaBs vesicle transport of the 
imniunotnodulating agent to the lysosome, an organelle comprising an acidic pH and selected enzymes inchiding 
proteases. Here the immunomodulating agent is digested to provide a free immunosuppressive factor which, for the 

25 purposes of the instant invention, may be in the form of a peptule. In such cases average peptide lengths may be, 
for example, on the order of 5 to 30 amino acids. Following digestion, at least some of the invnunomodutating agent 
fragments, including the inununosuppressive factor fragment, are associated with MHC class II molacuies in exocytic 
vesides. The MHC class ll immunosuppresstve factor complex is then transported to the surface of the APC and 
presented to helper T ceBs. 

30 As painted out above, preferred embodiments of the invention use a TCR antagonist as the 

immunosuppressive factor presented in concert with the class II MHC molecules. Accordingly, such antagonists (which 
may be peptide analogs) will be used for the purposes of the following discussion. However, it must be emphasized 
that the present invention may be used for the receptor mediated endocytic presentatnn of any immunosuppressive 
factor that downregulates an immune response. As such, T ceP receptor agonists which provide the desired reduction 

35 in immunogenic response may be used as immunosuppressive factors and are in the purview of the present invention. 
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Accordingly, by way of example only, a T cell may have previously been senjrtired to an autologouj peptide 
agonist corresponding to a fragment of myelin basic protein. In multiple sclerosis this autoagonist is continuously 
presented thereby activating an immune response directed to constituents of the myelin sheath. More particularly, 
the sensitized individual T cells express thousands of receptors which selectively bind to the presented autoagonist 
and signal the ceil. When enough of the receptors are bound, the sensitized T cell acts to mount a response Le. 
secrete interleukin. In the cases where a TCR antagonist is presented in concert with MHC class II molecules the 
T ceH will recognize the presented complex but will not be actuated. 

Thus, in accordance with the present invention, efficient endocytic presentation of an immunosuppressive 
factor (i.e. an antagonist) inhibits agonist-TCR binding through competition for the receptors. That is, the presented 
TCR antagonist binds effectively to the TCR of a sensitized T cef! thereby precluding binding of a presented 
autoantigen or fragment thereof. Yet, unCke an autoantigen-TCR complex, the immunosuppressivB factor-TCR complex 
does not signal the T cell to mount a response. Thus, the binding of the immunosuppresshfa factor (non-reactive 
agonist or antagonist) can prevent a T cell from binding enough autoantigen to reach the threshold actwation level 
that induces the cell to act. Hence, a harmful Immune response to the continuously presented autoantigen comprising 
a natural agonist is averted. 

Presentation of the following non-limiting Examples will serve to further illustrate the principles of the 
present invention. In this regard, a fist of abbreviations and corresponding definition used throughout the following 
discussion and the Examples is provided: 

MBP: myelin basic protein, has been impFicated in the etiology of multiple sclerosis; 
PLP: proteoEpid protein, has been implicated in the etiology of multiple sclerosis; 
PLP1: a peptide fragment of PLP comprising aa residues 139-151; 
PLP-Ut: a peptide analog of PLP1, does not activate PLP1 pulsed cells: 
PIP2: a peptide fragment of PLP comprising aa residues 178-191; 

Ig-W: an ig construct (used herem as a control) comprising the heavy chain variable region of the anti arsonate 
antibody 91A3, linked to a Baib/cK2b constant region, and the parental 91A3 kappa ight chain; 
HH>LP1: the same construct as Ig-W except that the heavy chain C0R3 was replaced with aa resklues 139-151 
of PLP; 

ig-PLP-LR: the same construct as Ig-W except that the heavy chain CDR3 was replaced with a peptide analog of 
aa resklues 139-151 of PLP; 

Ig-HA: (used as a control herein) the same construct as Ig-W except that the heavy chain CDR3 was replaced with 
aa residues 110-120 of influenza virus HA; 

PPD: purified protein derivatree, whole Mycobacterium tubercuohsis extract used as a control activator. 

For obvious practical and moral reasons, initial work in humans to determine the efficacy of experimental 
compositions or methods with regard to many diseases is infeasifale. Thus, during early devalopmBm of any drug 
it is standard procedure to employ appropriate animal models for reasons of safety and expense. The success of 
implementing bboratory animal moMs is pnifcated on the understanding that inmunodominant epitopes are 
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frequently actrve in different host species. Thus, an immunogenic determinant in one species, for example a rodent 
or pig, wll generally be immunoreactive in a different species such as in humans. Only after the appropriate animal 
models are sufficientlY developed wS clinical triab in humans be carried out to further demonstrate the safety and 
efficacy of a vaccine in man. Accordingly, for purposes of axplaflation only and not for purposes of limitation, the 
5 present invention wifl be primarily demonstrated in the exemplary context of mice as the mammafian host. Those 
skiOfld 01 the art will appreciate that the present invention may be practiced with other mammalian hosts including 
humans and domesticated animals. 

In this respect, experimental encephalomyefitis lEAE), which is used as an animal model for MS, can be 
induced in susceptible strains of mics with myefin autoantigens such as PLP and myelin basic protein (MBP). The 

10 encephaiitogenic activity of these proteins correlates with the presence of peptides which induce in vivo class II 
restricted encephalitogentc T ceils and consequently EAL The peptide corresponding to aa residues 139-151 of PLP 
(PLP1) is encephalitogenic in H-2s SJL mica, and T cell faies specific for PLP1 transfer EAE into naive animals. 
Although the target antigen(s) in human MS is still debatable, the frequency of T calls specific for myelin proteins 
are higher in MS patients than in normal subjects. Silencing those myelin-reactrve T cells may be a logical approach 

15 to reverse MS. As such, thb model will be used to demonstrate the advantages of the present invention. 



Example I 

Preparation of Peptides 

For the purposes of this application the amino acids are referred to by their standard three^tter or one- 
20 letter code. Unless otherwise specified, the L-form of the amino acid is intended. When the 1 -tetter code is used, 
a capital tetter denotes the L-form and a smal tetter denotes the D-form. The one tetter code is as foOows: A, 
alanine; C, cysteine; D, aspartic acid; E. glutamic acid; F, phenylalanine; G, glycine; H, histidine; I, isoteucine; K, 
lysine; L, teocine; M, methionine; N, asparagine; P, proine; Q. glutamine; R, arginine; S, serine; T, threonine; V, vaSne; 
W, tryptophan; and Y, tyrosine. 
25 Al peptides used in the following ezamptes were produced by Research Genetic, inc. (HuntsviBe, Alabama) 

using sold state mathodotegy and purified on HPtC cokmuis to > 90% purity using conventional methods. PLP1 
peptide (HSLGKWL6HPNKF: SEQ. ID No. 1) encompasses an encephalitogenic sequence corresponding to aa residues 
139-151 of naturally occurring proteoipid protein. PLP LR (HSLGKLLBRPNKFzSEQ. 10 No. 2) is an anateg of PLP1 
in which Trp144 and His147 were repbced with Lau and Arg lunderfaied), respectively. PLP1 and PLP LR bind well 
30 to l-A* dass II motecutes (ij. an MHC class U structure produced by a specific strain of mice}. PLP2 peptide 
{NTWTTCQSIAFPSKzSEQ. 10 No. 3) encompasses an encephalitogenic sequence corresponding to aa residues 176-191 

nf PI P Thi« nantWla akn hinri* tn 1.1' £«••• !! !»S>e£!!te! iP.i 'T.iiltS: EAE !7. SJL mlCC. H.A pSptldG {im^iiiRCi nSt 

shown) corresponds to aa residues 110-120 of the hemagglutinin of the influenza virus. HA binds to I E° class II 
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Exinvie II 

Production q\ Murine Chimeric Immunoiilobulins Comprisino Exogenous Peptides 
Two imfnunogiobulin-peptida chimeras, designated Ig PLPI and Ig-PLP LR and shown schematically in Figure 
1, were constructed to express peptides PLP1 and PLP LR as described in Example 1. In both cases, the heaify chain 
5 CDR 3 loop was deleted and replaced with nucleotide sequences coding for the selected peptide. Conventional DNA 
se<)uencing analysis indicated insertion of peptide nucteotide sequences in the correct reading frame. 

The genes used to construct these chimeras include the gene coding for the BALBK IgG^ constant region 
as described by Giliian et al., Ceff. 33:717,1983, the gene coding for the 91A3 heavy chain variable region as 
described by Ruthban et aL, J. Mo/. Bio., 202:383-398, 1388, and the gene coding for the entire 91 A3 kappa light 
10 chain as described by Gary at aL, Proc. ML Acad. ScL, 84:1085-1089, 1987, all of which are incorporated herein 
by reference. The procedures for deletion of the heavy chain CDR3 region and replacement with nucleotide 
sequences coding for PLP1 and PLP-LR are sanilar to those descr&ed by Zaghouani et al. J. Immunol. 148: 3604- 
3609, 1992 and incorporated herein by reference, for the generation of Ig-NP a chimera carrying a CTL epitope 
corresponding to aa residues 147-161 of the nucleoprotein of PR8 influenza A virus. The same reference reports 
15 that the C0R3 of the 91 A3 IgG is compatible for peptide expression, and that both class I and class ll-restricted 
epitopes have been efficiently processed and presented to T cells when grafted in place of the naturally occurring 
segment. 

Briefly, The 91A3Vn gene was subcloned into the EcoRI site of pUC19 plasmki and used as template DNA 
in PCR mutagenesis reactions to generate 91A3Vh fragments carrying PLP1 (S1A3Vh-PLP1) and PLP-LR 191 A3Vh-PLP- 

20 LR) sequences in place of C0R3. Nucleotide sequencing analysis indicated that fuD PLP1 and PLP-LR sequences were 
inserted in the correct readmg frame {not shown). The 91A3V„-PLP1 and 91A3V„-PLP-LR fragments were then 
subcloned into the EcoRI site of pSV2-gpt-CK'2b in front of the exons coding for the constant region of a Balb/CK2b 
which generated pSV2-gpt-91A3VH-PLP1-CK2b and pSV2-gpt-91A3VK-PLP1-LR-CK2b plasmids, respectively. These 
plasmids were then separately cotransfected into the non-lg producing SP2/D B myeloma cells with an expression 

25 vector carrying the parental 91A3 ight chain, pSV2-neo-91A3L Transiectants producing Ig chimeras were selected 
in the presence of getieticin and mycophanofic acid. Transiectants were cloned by brntkig dilution and final clones 
secreted 1 to 4 //g/mL of lg-PLP1 or Ig-PLF-LR (collectively, the Ig-PLP chimeras). The selected ceB lines, designated 
lg-PLP1-9B11 and lg-PLP-LR-21A10, are maintained in permanent storage in the inventor's laboratory. 

Chimeric and wild-type antbodies were also used as controls. For example Ig-HA, an IgG molecule carrying 

30 in place of the D segment the HA1 10-120 T helper epitope from the HA of influenza virus that differs from ig-PLPI 
and Ig-PLP-LR only by the peptide inserted within C0R3. Ig-W is the product of unmodified (wild-type) 91A3Vh gene, 
Balbiew2fa constant region and 91A3 kappa light chain. Th«rstnn> it rilffsr* trnm jn.pLpi and ig-pip-LR s the CDR3 
region which comprises the parental D segment. Finally, lg-PLP2, is a chimeric antibody that carries within the heavy 
chain CDR3 loop aa residues 178-191 of PLP. Conventional cloning, sequencing, and purification procedures were 

35 used to generate the appropriate cell lines and are simiar to those described by Zaghouani et aL (previously cited) 



and those praviousJy used to generate Ig-HA, Zaghouani et aL, Science. 259:224-227, 1993 also incorporated herein 
by reference. 

Large scale cultures o1 transfectants were earned out in DMEM madia containing 10% iron enriched calf 
serum (Intergen, New York). Ig-PLP chimeras were purified from culture supernatant on columns made of rat-anti 
5 mouse kappa chain mAb and coupled to CNBr activated Sepharose 4B (Pharmacia). Rat-antt-mouse kappa chain mAb 
(RAM 187.1 or ATCC denotation, HB-581 and mouse anti-rat kappa light chain mAb (MAR 18.5 or ATCC denotation, 
TIB 216) ware obtained from the ATCC. These hybridomas were grown to large scale and purified from culture 
supernatant on each other. The rat anti^nouse kappa mAb was used to prepare the columns on which the Ig-PLP 
chimeras were purified from culture supernatant. To avoid cross contamination separate columns were used to purify 
10 the individual chimeras. 

Example III 

Purification of Protaoiioid Protein 
Native proteobpid protein or PLP was purified from rat brain according to the previously described procedure 
of Lees et a!., in Preparation of Proteolipids, fieseareh Methods in Neurochemistry, N. Marks and R. Rodnight, editors. 
15 Phinemum Press, New York, 1978 which is incorporated herein by reference. 

Briefly, brain tissue was homogenized in 2/1 v/v chioroform/methanol, and the soluble crude lipid extract 
was separated by filtration through a scintered glass funnel. PLP was then precipitated with acetone and the pellet 
was redissoived in a mixture of chloroform/methanoi/acetic acid and passed through an LH-20-100 sephadex column 
(Sigma) to remove residual lipids. Removal of ehlorofonn from the ehjtes and conversion of PLP into its apoprotein 
20 form were carried out simultaneously through gradual addition of water under a gentle stream of nitrogen. 
Subsequently, extenshre dialysis against water was performed to remove residual acetic acid and methanol. 

Example IV 

Production of Rabbit Anti-Pentide Antibodies 

25 PLP1 and PLP-LR peptides prepared in Example I were coupled to KLH and BSA as descriied in Zaghouani 

et aL, Proc. NatL Acad. SciUSA. 88:5645-5649, 1991 and incorporated herein by reference New Zealand white 
rabbits were purchased from Myrtle's Rabbitry rfhompson Station, TN). The rabbits were immunized with 1 mg 
paptide-KLH conjugates in complete Preund's adjuvant (CPA) and challenged monthly with 1 mg conjugate in 
im»fflplete Fraund's adjuvant (IFA) until a high antibody titer was reached. The peptide-BSA conjugates were 

30 coupled to sepharose and used to purify anti-peptida antibodies from the rabbit anti-serum. 



Example V 

Characterization of Rabbrt Anti-Peptide Antitaodies 
Capture radioimmnoassays (RIA) were used to assess expression of PLPl and PLP-LR peptides on an IgG 
molecule using Ig-PLPI and Ig-PLP LR made as described in Example II. 
5 Microliter 96-well plates were coated with the rabbit anti-peptide antibodies made in Example IV (5 fjglml) 

overnight at 4''C and blocked with 2% BSA in PBS for 1 hour at room temperature. The plates were then washed 
3 times with PBS, and graded amounts of Ig PLPl and Ig-PLP-LR were added and incubated for 2 hours at room 
temperature. After 3 washes with PBS, the captured Ig PLPI and Ig-PLP LR were detected by incubating the plates 
with 100 X 10' cpm '"l labeled rat anti-mousa kappa mAb for 2 hours at 37%. The plates were then washed 5 
10 times with PBS and counted using an LKB gamma counter. Shown are the mean ± SO of triplicates obtained with 
27 //g/mL of chimeras. 

As shown in Figure 2, the rabbit antibodies directed to synthetic PLPl and PLP-LR peptides recognized the 
chimeric antibodies Ig-PLPI and Ig-PLP LR produced in Example II. More specifically, when Ig-PLPI and Ig-PLP-LR 
were incubated on plates coated with rabbit anti PLPI they were captured in significant quantity and bound labeled 

15 rat anti-mouse kappa chain mAb (Fig. 2A). Similarly, both Ig-PLPI and Ig-PLP-LR were captured by rabbit anti-PLP-LR 
(Fig. 261. Conversely, Ig-W, the wild type giA3 murine antibody without an exogenous peptide and an IgM control 
antibodies (not shown), did not show significant binding to the rabbit antibodies. Ig-PLPI bound to both anti-PLPI 
and anti-PLP-LR better than did Ig-PLP-LR, indicating that structural differences affected accessibility of the peptides 
to the rabbit antijodies. Further, the results shown in Figure 2 indicate that peptide expression on the chimeras did 

20 not alter heavy and fight chain pairing because the rabbit antibodies bind to the PLP peptide on the heavy chain and 
the labeled rat anti^nouse kappa binds on the Sght chain. 



Example Vi 

Antigen Specific T Cell Line Proliferation Assays 
25 PLPl -specific T cell hybridonias 586 and 4E3 and the IL-2 dependent HT-2 T helper cells were obtained 

from The Eunice Kennedy Shriver Center. Waltham, MA. The 5S6 and 4E3 T cells recognize the peptide PLPl in 
association with l-A' class II MHC and produces IL-2 when incubated with it as reported by Kuchroo et aL, J. 
Immnol. 153:3326-3336, 1994 which is incorporated herein by reference. Conversely, Kuchroo et al. report that 
when stimulated with PLPl and then with PLP-LR both 586 and 4E3 cells no longer produce tL-2. Simaariy, 
30 stimiriation of T ceH hybfidomas with PLPl in the presence of PLP-LR apparently inhibits IL-2 production. 

Usng substantially the s»ne technk)ue as Kuchroo et aL, actwation of the T eel hybridomas for various 
agonists was psrfomied a« follow* ifriiifintPH M.nnn r«H«! tnlwinrvt»« frnm SJL !!!!ES wer- 'its* 2: SStiSSr 

presenting ceb (APCs) for this Eiample. The irradiated splenocytes were incubated in 96-well round bottom plates 
(5 X lO' cels/wel/50 //I) with graded concentrations of antigens (100 ;/l/well). After one hour, T cell hybridomas, 
35 le. 586 or 4E3 (5 X 10* cells/wBlI/50 /;l) were added and the cufture was continued overnight. Actwation (or 
proiferation) of the T ceOs was assessed by measuring production of lL-2 in the cutture supernatant. This was done 
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by 'H thyinidine incorporation using the IL-2 dependent HT-2 cells. That is, when tL-2 is present li.e. secreted by 
activated T celh) the HT-2 ceBs prorrferate, incorporatmg labeled thymidine from the surrounding media. 

The culture media used to carry out these assays was DMEM supplemented with 10% FBS, 0.05 mM 2- 
mercaptoethenol, 2 mM glutamlne, 1 mM sodium puryvate and 50 /vg/mL gentamycin sulfate. Briefly, culture 
5 supematants (100 ;/VweB) were incubated with HT-2 caBs (1» lO' celWweB/100 /yf) in 96-well flat bottom plates 
for 24 hours. Subsequently 1 //Ci Hl-thymidine was added per well and the cuKure was continued for an additional 
12-14 hours. The celts were then harvested on glass fiber f'dters and the non incorporated 'H-thymidine was washed 
away. Incorporated thymidine was then counted using the trace 96 program and an Inotech p counter. It will be 
appreciated that those welis containing higher levels of IL-2 (secreted by the activated T ceil hybridoma lines) will 

10 induce higher levels of HT-2 cell proliferation and register increased levels of 'H thymidine incorporation. 

The results of the aforementioned assay using two different T cell lines are shown in Figure 3. Specifically, 
T cell hybridomas 4E3 (Fig. 3AI and 5B6 Fig. 3B) produced substantial levels of IL-2 following stimulation by APCs 
previously mcubated with lg-PLP1, PLP1 and native PLP. The negatwe controls Ig-W, Ig-HA, and PLP2 peptide did 
not induce the production of IL-2 by the T cells. Similarly, both Ig-PLP-LR and PLP-LR peptide did not stimulate 5B6 

15 and 4E3 to produce significant levels of IL-2. These last results are not unexpected because the PLP-LR peptide 
is known to negate rather than stknulate lL-2 production. The concentration of antigen was 0.1 //M for Ig-PLPI, 
Ig-PLP-LR, Ig-HA, and ig-W; 1 /M for PLP1, and PLP2 peptides; and 1.7 /yM for PLP. Each value represents the 
mean t SD of triplicate wells. 

These remits indicate that Ig-PLPI was presented to the T cell hybridomas in a manner conduchre to 

20 activation. Steric hindrance appears to preclude the simultaneous direct binding of the whole antibody to the MHC 
structure and ICR. As T cells wiO not react to soluble proteins, it appears that the PLP1 peptide was released from 
the Ig by endocytic processing and bound MHC class II l-A^ molecules. Accordingly, the regions flanking the PLP1 
peptide do not appear to interfere with the endocytic processing of Ig-PLPI or the binding of the PLP1 peptide to 
the MHC class II structure. 

25 Exmpla VII 

Presentation of PLP1 Peptide to T CeBs Via lo-PLPI 
In spontaneous immune disorders, exposure and continuous endocytic presentation of an autoantigen may 
generate significant leveb of MHC-autoantigen complexes. Currently many immune diseases lack an effective at vitro 
model for repicating this continuous prasentatnn affording a serious impetfiment to the development of effecthre 

30 treatments. Due to relatively ineffidant intemaization mechanisms or the previously discussed limitations relating 
to free peptides, retanvely high leveb of natural antigens are required to provide the desired stimulation. Accordingly, 

agonist igands. 

Mora partiniiarly, tht prestnt invantion provkles methods for the effective in ntro endocytic presentation 
35 of a T cefl antagonist comprising the steps of: 

a. providing a medium compriang a phirafity of antigen presenting cells expressing Fc receptors; and 



b. combininB said medium with a immunomadulating agent containing compojition wherein the 
composition comprises an immonomodulating agent having at least one Fc receptor iigand and at least one 
immunosuppressive factor and a compatible carrier. 

Preferabty the immunosuppressive factor will be at least one T cell receptor antagonist and the Fc receptor 
5 ligand wM be at least part of a immunoglobuin constant region domain. Further, in preferred aspects of the invention 
the immunomodulating agent wiU comprise a recombinant polypeptide or a chimeric antibody. 

In this respect, Ig-PLPI (or any immunoglobulin associated agonist) may be used for the purpose of 
estabBshing a peptide delivery system that could efficiently operate through the endocytic pathway and generate high 
levels of agonist tigands such that it provides an in vitro system to investigate the immune system. In particular, 
10 the disclosed system may be used to investigate antagonism in a situation similar to the in vivo presentation of 
autoantigens. 

To demonstrate that immunoglobulin associated agonists may be used to mimic continuous endocytic 
presentation of amigens, T ceH activation assays were performed with free PLP1 peptide, native PLP, and Ig-PLPI. 
The results of the assays are shown in Fig. 4. 

15 Specifically, different concentrations of the three antigens (i.e. agonists) were incubated with irradiated 

SJUJ splenocytes which were subsequently associated with 4E3 T cell hybridomas. IL-2 production was measured 
by 'H-thymidine incorporation using the IL-2 dependent HT-2 ceys as described in Example VI. Each point represents 
the mean of triplicates. The standard deviation did not exceed 10% of the mean value. 

Fig. 4 shows that, although the maximum activation levels varied among the three different agonists, the 

20 levels required to stimulate the T ceHs were much lower for Ig-PLPI than for either free PLP1 or nathre PLP. That 
is, it took substantially tess Ig-PLPI to stimulate the cell bie than either the native PIP or the free peptide Ion the 
order of 1/100). SpecificaHy, stimulation to half the maximum level required less Ig-PLPI (0.005 tM) than PLP (0.5 
fM) or PLP1 peptide (0.6 //M). These results indicate that the PLPl T cell epitope is better presented by Ig-PLPI 
than by native PLP or by synthetic PLPl peptide. Although the plateau of IL-2 production was higher when the T 

25 cell activator is free PIPI synthetic peptide it requires suhstantiaUy higher agonist levels that may be difficuft to 
obtain in viva over an extended period. 

While not bniting the present invention in any way, it appears that the efficacy of Ig-PLPI in peptide 
delivery is related to FcR mediated internalization and access to newly synthesized MHC molecules. More 
particulariy, native PLP appears to intemaize rather ineffectively by simple fluid phase pinocytosis while free PLPl 

30 peptide appears to simply bind to empty MHC class II molecules at the eel surface. The meffectual presentation 
of these forms of the autoantigen is clearly iustrated by Fig. 4 which unambiguously shows that Ig-PLPI is more 
effkaent at nnsentmn PIPI peptide in eotiAinatinn with MHn rlas« II mnlerntot than mthar the free csptide sr t*!S 
native protem. 



Exampia VIII 

Inhibition of T CeB Activation In vitw 
Antagonism of PLP1, PLP, and Ig PLPI T cell actwation by Ig PLP-LR was detected using a prepulsed 
proliferation assay. 

5 Irradiated (3,000 rads) SJL splenocytes (used as APCsl were incubated in 96-weli round bottom plates (5 

X 10' cellslweH/BO /yl) with the selected agonist (1 //M PLPl peptide, 0.05 ^M Ig-PLPI or 7 ;/M PLP) and various 
concentrations of antagonist (100 /yUweS) for 1 hour. Subsequently, 4E3 T cell hybridomas (5X10* cells/weWBO 
tA) were added and the culture was continued overnight. IL-2 production in the supernatant, determined as in 
Example VI using HT-2 cells, was used as measure of T cell actuation. The resuhs of this assay are shown in 
10 Figure 5. 

More particularly. Figures 5A, 5B and 5C show antagonism of free PLPl peptide (5A), Ig PLPI chimeric 
immunoglobulin (5B| and nathre PLP (5C) respectively. The antagonists were Ig-PLP-LR (squares) and PLP-LR (circles) 
with controls of Ig-W (diamonds) and PLP2 (triangles). 

Cpm values obtained when the APCs were incubated with the agonist but no antagonist was used as 

15 control thymidine incorporation. This value was 7,503 ± 1,302 for Ig-PLPI; 31,089 ± 3,860 for PLPl peptide; and 
8,268 ± 915 for PLP. The cpm value obtained when the APCs were incubated with no agonist or antagonist was 
used as background (BG). This value was 1,580 ± 323 for Ig-PLPI; 2,574 ± 290 for PLPl peptide; and 2,127 
1 177 for PLP. The percent control thymidine incorporation was calculated as follows: ((cpm obtained in the 
presence of test antagonist) - {86)1 f ((cpm control thymidine incorporation value) - (BG)]. Each point represents the 

20 mean of triplicates. 

As previously discussed, the potency of Ig-PLPI chimeras in peptide loading onto MHC class II molecules 
may resemble in mo autoimmune circumstances where a continuous supply of antigen often allows for abundant 
generation of self peptides which can trigger T cell aggressively. Figure 5A (PLPl agonist) shows that when T cells 
were incubated with APCs in the presence of both PLPl and Ig-PLP-LR, a substantial decrease in IL-2 production 

25 occurred as the concentration of Ig-PLP-LR increased. A simiar decline in IL-2 production was evident when the 
synthetic PLP-LR peptide was used duroig T cell actwatton with PLPl peptide. Conversely, antagonistic effects were 
not observed with the control Ig-W immunoglobufai and the PLP2 peptide, bihibttion of IL-2 production to half the 
maxinHmi level (60% control thymidine incorporation) required only 0.4 //M Ig-PLP-LR versus 9 fM PLP-LR peptide 
indicating a much more efficient presentation of, and T eel antagonism by, Ig-PLP-LR. 

30 Further evidence that the chimeric immunoglobulin is more efficient than the free (Kptide in T ceO 

antagonism is shown in Figs. 5B and 5C. Specifically, Fig. SB shows that Ig-PLP-LR inhibited T cell activation 
mediated by la-PLPI while free PLP-LR, Bee the negative control PLP2 peptide, did nnt xhnw any «innifirant 
antagonism. Significantly, Fig. SB also shows that Ig-W, the wild type 91A3 inmiunoglobulin without any exogenous 
peptide exhibits partial inhiiitory activity in ig-PLPI mediated T eel activation. It is believed that this may be the 

35 result of competition for binding to the FcR on the APCs because both Ig-PLPI and Ig-W share identical lgG2b 
constant regions. A maximum of S0% inMbrtion in IL-2 production was seen when the activation of T eels by Ig- 
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PLP1 was carried out in the presence of Ifl W. Thus, Ig W would compete with lg-PLP1 for FcR binding and 
intemaization thereby diniinishlng the activation of T celk. That is, as the concentration of Ig-W jncreasas, less Ig- 
PLP1 wH) bind to FcR and be internalize by the APCs resufting in a diminished presentation and corresponding IL-2 
production. It is important to note that this Ig-W mediated reduction in response is not the resuh of antagonistic 
effects but rather simply a result of competition for FcR binding. That is, the presented Ig W epitopes are not TCR 
antagonists for PLPl and do not interact with the PLPl specific TCRs. 

In contrast to Fig. 5B, Fig. 5C shows that Ig PLP-LR, but not Ig-W, significanthr reduces the activation of 
T cells by natwe PLP. As ig-W a likely internalized in a different manner than natree PLP, (Fc receptor versus simple 
fluid phase pinocytosis) there should not be any direct competition for uptake and processing and hence no inhibition. 

For the sake of convenience the results shown in Figure 5 are summarized in Table 1 immediately below. 
When APCs were incubated with PLPl peptide in the presence of Ig-PLP LR there was no actuation of the PLP1- 
specific T cell hybridomas (Figure 5a|. Moreover, when the activation of T ceils by native PLP and Ig-PLPl was 
carried out in the presence of various concentrations of Ig-PLP LR, IL-2 production (i.e. T cell activation) declined as 
Ig PLP-LR increased. However, free PLP-LR peptide failed to inhibit T cell actwation mediated by native PLP or Ig- 
PLPl. These two lines of evidence indicate that the principal mechanism for Ig-PLP LR mediated inactivation of T 
ceils was Skely to be endocytic presentation and TCR antagonism rather than direct blockage of MHC class II 
molecules on the ceO surface. 

In the table below a plus sign indicates inhibition of IL-2 production and therefore antagonism, while a minus 
sign indicates little or no inhibition of IL-2 production and therefore little or no antagonism. 

TaUa 1. 

Ig-PLP LR and PLP-LR Mediated T Cell Antagonism. 



Stumlator (Agoirist) 
PLP Ig^PLPI 



I^PLP-LR 



35 The results of the foregoing example indicate that the FcR mediated uptake and subsequent processing of 

a peptide antagonist are compatible with efficient presentation by the antigen presenting cetL This is extremely 
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uneipected in view of the prior art where the delivery of free peptide analogs was assumed to provide efficient 
antagonism through direct competition for MHC or TCR binding srtes. 

Example IX 

Characterization of Mechanism for Antaoonism by Iq PLP-LR 
Using an assay similar to the one performed in Example VIII, it was demonstrated that competition for direct 
binding to the Fc receptor is not, in and of itself, a likely mechanism for Ig PLP-LR mediated antagonism. 

SJL splenic APCs were incubated with native PLP (6.8 pM) in the presence of 2 fM lg-PLP2, Ig-PLP LR, 
or Ig-W and assayed for iL-2 production by 'H-thymidine incorporation using HT-2 cells as described in the previous 
Examples. lg PLP2 was prepared as in Example II using the sequence detailed in Example I. The % control thymidifiE 
incorporation was calculated as in Example VIII. Results of the assay are shown in fig. 6 wherein each column 
represents the mean ± SD of tripGcates. 

As with the results shown in Fig. 5B, the present Example supports the position that both efficient 
presentation on the MHC class II structure and an effecth/e peptide analog provide the most significant results. That 
is, even though the lg-PLP2 chimeric antibody is taken up and processed, efficient presentation of the PLP2 peptide 
by I-A^ will not preclude activation of the T-cells as it is not an analog of the native PLP agonist. Accordingly, 
simple competition bindhg to MHC class II molecules on the antigen presenting cells is not likely to produce the 
desire antagonism. 

Example X 

/ff two Induction of a T Cell Response to PLP1 

By this Exannple it was demonstrated that, in addition to generating a T cell response m vitro (Example VII), 
the chimeric antBiodies of the present invention could be used to generate a cellular response m mo. Specifically, 
the following Example demonstrates the «7 mo priming of PLP1 specific T cells by Ig-PLPI. 

Six to eight week oM SJL mice (H ^*) were purchased from Harlan Sprague Oawley (Frederick, MD) and 
maintained in an vmai facity for the duration of experiments. 

The mice were immunized subcutaneousiy in the foot pads and at the base of the limbs and tail with 50 
fj% of Ig-PLPI emulsifiad in a 200 Aii mixture of 1:1 v/v PBSfCFA. Ten days later the mice were sacrificed by 
cervical dislocation, the spleens and lymph nodes (axiary, inguinal, popliteal and sacral) were removed, single ceil 
suspension were prepared, and the T cell responses were analyzed. The results shown in Figure 7 are those obtained 
with 4 X 10' lymph node ceUs/wen (7A) and 10 x 10' spleen cels/well {78). The activators PLP1 and PLP2 were 
used at 15 ;/g/mL and PPD was used at 5 pghnl. 

As with the previous Examples, T ceU activation was monitored using a proliferation assay comprising 'K- 
thymidine incorporation. Here, lymph node and spleen ceUs were incubated for three days in 96-weli round bottom 
plates, along with 100 ;/l of a single sriected activator, at 4 and 10 x 10* ceBs/100 //I/well, respectively. 
Subsequently, 1 /Xli 'H-thymidina was added per wefl. and the culture was continued for an additional 12-14 hours. 
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The cells were then harvested on glass fiber filters, and incorporated ^H-thymidine was counted using the trace 96 
program and an Inotech P counter. A control media with no stimulator was inchided for each mouse and used as 
background. 

Each value shown in Figure 7 was calculated as described in Example VIII 
and represents the mean ± SD of triplicates after deduction of background cpms obtained with no activator in the 
media. Similar results were obtained when mice were kronunized with 150 //g of Ig-PLP per mouse (not shown]. 

Figures 7A and 7B clearly show that, when Ig-PlPI was injected subcutaneousiy in the foot pads and at 
the base of the limbs and tail, a strong specific T cell response to the PLPl peptide was induced. While there was 
some variation as to the strength of the reaction among the individual mice, the lymph node and spleen cells of each 
produced a significant response upon challenge with the PLPl peptide. Interestingly there is a significant PLPl 
specific response detected in the spleen, an organ that mostly filters and responds to systemic antigens. One 
possibiitty that can be put forth to explain these results is that Ig-PLPI, because of it's long half life, was able to 
circulate and reach both the lymphatic and blood circulation and consequently be presented at both systemic and 
lymphatic sites. This is potentially very beneficial when implementing therapeutic regimens for autoimmune disorders. 
It was also interesting that some mice show proliferation when the cells are stimulated with PLP2 peptide in vitro. 
Possibly, the fact that this peptide is presented by l-A^ like PLPl allows low affinity cells to bind and generate a 
response. In any case the results are consistent with those provided by the earlier Examples where it was shown 
that Ig-PLPI was efficient in presenting the peptide to T cells in vitro. 

Example XI 

In vivo Inhibition of a T Cell Response to PLPl 
As seen in the previous Example, Ig-PLPI a capable of priming T cells ki vivo and generates a potent 
immune response when exposed to the agonist PLPl peptide. This Example demonstrates that the administration 
of a peptide airtagonist hi the form of a chimeric antibody immunomodulatmg agent can substantially reduce the 
InMnune response generated by the endocytk presentation of an agonist Figand. Specifically, this Example 
demonstrates that co-administration of ig-PLP-LR with Ig-PLPI signifkantly reduces the immune response to PLPl 

Mice were co-immunized with matures of either 50 /jg Ig-PLPI and 150 tjq Ig-PLP LR or 50 //g lg-PLP1 
combined with 150 //g Ig-W. In particular, ndnidual mica from three groups (4 mice per group) were injected sc. 
as in Example X with a 200 lA mixture (PBS/CFA, 1:1 v/v| containing one of the foHowng mixtures: 50 ^ Ig-PLPI 
and 150 /i/g Ig PLP-LR; 50 ;/g Ig-PLPI and 150 ;/g Ig-W; or Ig-PLPI and 100 //g PLP-LR peptide. Splenic and lymph 
node T eel responses were analyzed at day 10 post inmunizatkin using the protocol set forth in Example X. The 
lymph node ceHs were assayed at 4 x 10° calsfwell and the spleen cells at 10 x 10' cells/weL The agonist ligand 
was PLPl at 15 m\mL Results for the lymph node and spteen cells, shown in Figs. 8A and SB respectively and 
summarized in Table 2 below, represent the mean ± SD of triplicates after deduction of background cpm obtained 
with no agonist in the media. 
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Figures BA and BB show that, although tg-PLPI was efficiently presented and induced a strong in vivo J 
cell response (Example X], it was possible to antagonize such a response by including Ig PLP-LR in the mixture 
admmistered to mice. Indeed, when Ig PlPI was co-administered to mice with Ig PLP-LR, the subsequent immune 
response to free PLP1 peptide was markedly reduced as shown on the right half of Figs. 8A and 8B. It appears 
that the low PLP1 response for both the spleen and lymph node tissue was a result of PLP-LR antagonism, since 
the co-administration with Ig-PLPI of the wild type antibody, Ig-W, did not significantly reduce the T cell response. 
These resuhs strongly indicate that it b the efficient in vivo presentation of PLP-LR through the FcR binding and 
endocytic processing of Ig-PLP-LR that is responsible for the reduced ceVular response. 

Moreover, as seen in Table 2 immediately below, when free PLP-LR peptide was co-administered with Ig- 
PLPI there was no indication that the PLP1 response was reduced. Hie numbers provided in the table represent 
the percentage values of PLP1 specific proSferation relative to PPD specific proliferation and were derived as follows: 
(mean cpm of tripficates obtained with PLP1 stimulation - mean cpm triplicate EG) /(mean cpm of triplicates obtained 
with PPD • mean cpm triplicate 6G) x 100 

Table 2 

Ig-PLP LR But Not Free PLP LR Peptide Mediates T Ceil Antagonism in Vitro 



I|-PIP1 CMdmiiiistared with: 
Mouse Ig W Ig-PLP LR PLP LR peptide 



PlPlfPPD (%| 

1 100 28 81 

2 SS 40 91 

3 78 37 93 

4 79 25 100 



The results above clearly show that co-administration of the free antagonist peptide or the control Ig-W 
lacking an antagonist peptide have little effect on the generated immune resDonse. The lack of antagonist aifact 
by free PLP-LR peptide was not due to a net lower amount of injected peptide because the mice were given 
approximately 34 fold more PLP-LR in tha free peptide form than in the Ig-PLPLR form (on the basis of a MW of 
150,000 0, the 150 //g of tg-PLP-LR gnen to the mice correspond to 1 nmole of Ig that contains 2 innoles of PLP- 
LR peptide, whie with a MW of 1,468 Oaltons the 100 of free PLP-LR peptide corresponds to 68 nmoles of 
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peptide). The faiure of PLP-LR peptide to inhibit Ig-PLPl mediated T cell activation coupled with the potency of Ig- 
PLP LR in antagonizing Ig-PLPI T cell stimulatton supports the belief that ig PLP-LR mediated in mo antagonism is 
likely related to eKicient presentation. 

5 Example Xli 

Induction of a T Cell Response to an EndocYticaliy Presented Antagonist 
Previous Examples have shown that administration of chimeric antibodies comprising a agonist ligand can 
prime immune cells « vivo. It was also shown that administration of a chimeric antibody comprising an antagonist 
can reduce a subsequent response to challenge by an agonist ligand. This Example demonstrates that efficient 
10 presentation of an antagonist can prime immune ceHs m vivo and mount a strong response that could effect the 
raactmn of the T cells to an agonist peptide. Specifically, mice co-injected with Ig PLPI and Ig-PLP LR develop a 
relatively high proliferative response to PLP-LR and practically no response to PLPl peptide. 

Lymph node and spleen ceis were obtained in the same manner as set forth in Example X following co- 
administration of Ig PLPI and Ig-PLP LR. Proliferative responses in individual mice were also measured using the 
15 methods set out in the previous Example following in vitro stimulation with either free PLPl peptide or PLP-LR 
peptide at 15 i/glmL The results of the assays using lymph node and spleen cells are detailed in Figures 9A and 
98 respectively. 

As can be seen from Figure 9, both spleen and lymph nodes developed responses to the antagonist PLP-LR 
but not to the PLP agonist PLPl. Knowing that Ig-PLP LR induced PLP LR specific T eels when it was co- 

20 administered with Ig-PLPl. it can be speculated that these PLP-LR-specific T cells downregulate PLP1 specific T cells. 
ConverseJy, although there was induction of PLP-LR-specific response when free PLP LR peptide was administered 
with Ig-PLPl (not shown), there was no evident reduction in the proliferathre response to PLPL Accordingly, the 
data set forth in the instant example demonstrates that the use of chimeric antibodies comprising an antagonist are 
much more effecthre for modulating the immune response to an antigen agonist than the free peptide antagonist. 

25 More particularly, in view of the foregoing examples it appears that TCR engagement with PLP-LR-I-A^ 

cofflfdexes (Le. MHC-PLP-LR complexes) on the surface of APCs antagonizes T cells rather than stimulates them. 
AccordinglY, antagonism by Ig-PLP-LR may occur because efficient presentation of Ig-PLP LR in endocytic vacuoles 
ensures significant levels of PLP-LR-I-A^ complexes (antagonist complexes) are generated. The amount of complexes 
on the ceH surface is proportional to the amount of Ig-PLPLR offered to the APCs. When PLPl stimulation is carried 

30 out in the presence of Ig-PLP LR. both PLP-LR4A' and PLP1-I-A' are present on the surface of a given APC where 
an increase in the concentration of Ig-PLP-LR leads to higher number of PLP LR-I-A^ complexes. It will be appreciated 
that approximately 3500 TCR have to b« engaged in order for a T cell to be actnated and that a given comoiex of 
MHC class li-peptida complex serially engages approximately 200 TCRs. As such, it appears that a T cell is 
antagonized when TCR engagement with PLP-LR-I-A^ complexes override engagement with the agonist PLPI-I-Al 

35 Overall because of efficient loading of PLP-LR by Ig-PLP-LR, T eel antagonism is achieved by a higher frequency 
of serial triggering of TCR by PLP-LR-I-A' complexes. That is, the efficient uptake and processmg of Ig-PLP-LR simply 
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means that too many of the surface MHC complexes present the PLP-LR antagonist to allow the remaining surface 
complexes presenting the PLP1 agonist igand to engage the number of TCRs to activate the T cell. Therefore, the 
T ceils will not be activated as long as the antagonist is presented at a rate that ensures the activation 
concentration of MHZ class ll-agonist complexes is not reached on the APC. 

Example XIII 

Lvmoh Node Proliferative Responses to Immunization With lo PLP Chimeras 
Proliferative responses were measured in mice immunized with indhridual Ig-PLP chimeras or varying 
mixtures of Ig PLPl and Ig-PLP LR. It was observed that Ig-PLP LR gwen alone to mice induced T cells which, like 
those induced by Ig-PLPl, cross-reacted with both PLP1 and PLP LR peptides. Surprisingly, however, despite the 
cross-reactivrty of the responses, when the chimeras were administered together they displayed a dose dependent 
antagonism on one another resulting in down-regulation of both T cell responses. Finally, antigen specific T cells 
induced either by IG-PLP 1 or by IG-PLP-LR were refractory to down-regulation by peptide mixtures and proliferated 
significantly when they were in vitro stimulated simultaneously with both PLP1 and PLP-LR. These findings indicate 
that both agonist and antagonist peptides exert adverse reactions on one another and reveal an anti-paraliel 
antagonism and a stringent control of TCR triggering at the level of nawe T cells. 

Materials were obtained and mice immunized as described above. Proliferative responses were measured 
by thymadine incorporation as set forth in Example VI above. Lymph node and spleen calls were obtained in the 
same manner as set forth in Example X following co-administration of Ig-PLPl and Ig-PLP LR. Mice were injected 
with 50 //g Ig PLPl I10A), 50 fjq Ig-PLP-IR (10B), 100 fj^ PLP1 (IOC) or 100 //g PLP-LR (100) in CPA, and 10 days 
later the fymph node ceHs were in vitro stimulated with the indicated free peptides. The stimulators PLP1, PLP-LR 
and PLP2 were used at the defined optimal concentration of 15 fj^jmL 

The data IBustrated in figs 10A-10D indicate that Ig-PLPl, like PLP1 peptide, induced a specific T cell 
response to PLP1 peptide. Smilarly, Ig-PLP-LR, Uke PLP-LR peptide, induced a specific T cell response to PLP-LR 
peptide. Neither the ig chimera nor the free peptides induced T eels that signifkrantiy reacted with the nagathre 
control PLP2, a peptide that is also presented by l-A' class II molecules. Surprisingly, however, the response induced 
by Ig PLPl cross-reacted with PLP LR peptide, while the response induced by Ig-PLP-LR cross-reacted with PLP1. 
The responses induced with free PLP1 or free PLP-LR were not cross-reactive. 

Example XIV 

Lvmnh Node T cell Proliferative Response to 
Co-fcrarainization With I g-PLPl and lo PLP-LR 
Mice were injected with the indicated chimeras and 10 days later the lymph nodes cells were in vitro 
stimulated with free peptides, and assayed for proliferation by |^]thymidine incorporation as detailed above. The 
results are shown in Fig. 11. 
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The number preceding the Ig chimera label indicates the //g amount infected per mouse. The stimulators 
were PPD, 5 //g/ml; PLP 1, PLP-LR, and PLP2 at 15 /jglml. CeHs incubated without stimulator were used as 
background (B6|. The mice were tested indwiduaHy and triplicate wells were assayed for each stimulator. To 
standardize the results and eliminate intrinsic individual variability we expressed the results as relative proliferation 
5 estimated as follows: (mean test peptide cpm ■ mean BG cpm)/imean PPD cpm - mean BG cpm). The indicated 
relative proliferation represents the mean ± SO of 5 mice tested individually. The mean cpms ± SD obtained with 
PPD stimulation for the different groups of mice were as follows: 50/yg lg PLP1:16,413 ± 1330; SO/yg Ig PLP-LR; 
11,224 ± 3481; iQfjg Ig-W: 11,513 ± 1,572; 50/yg Ig-PLPI + 50//g Ig-PLP-IR: 16,817 ± 2,869; 50//g lg-PLP1 
+ 150//g Ig-PLP-LR: 16,156 ± 2006; SD/yg Ib-PLPI + 150/yg Ig-W: 11,699 ± 1,142; BO/yg Ig PLP-LR 150/yg 
10 Ig-W: 13,435 t 1,650; 50//0 Ig-PLPI + 50//g lg-PLP2: 10,056 ± 1,407; and 50/7g Ig-PLP-LR ^ 50/yg lg-PLP2: 
10,877 ± 563. Filled and fiatched bars indicate proBferation to PLP1 and PLP-LR respectively. The proliferation 
to PLP2 peptide was at baclcground levels except where lg-PLP2 was used in the immunization mixture. 

As can be seen in Figure 11, lymph node T cells from a group of mice that were immunized with Ig-PLP! 
proliferated equally welt to PLP1 and to PLP-LR whereas Ig-W control caused little reaction. Surprisingly, the PLP-LR 
15 response was at background levels. Accordingly, although the responses to the Ig chimeras share cross-reactivity 
between PLPL and PLP-LR peptides, the mixture yielded down regulation rather than additive responses. In fact, the 
data suggest an anti-parallel down regulation among Ig-PLPI (agonist) and Ig-PLP-LR (antagonist). This down- 
regulation appeared to be dose dependent because mice that were injected with a mixture of 50 /yg Ig-PLPI and 150 
//g Ig-PLP-LR f aied to respond to PLPl and mounted responses to PLP-LR tliat were reduced to levels observed with 
20 mice injected with I«-PLP1 alone. 

One possible explanation for the observed opposite down regulation between IG-PLPI and Ig-PLP-LR is that 
clonal expansion requires an optimal serial triggering with an homogeneous peptide (Le. all or most of the receptors 
on a single naive T cell must engage one type of peptide in order to expand). Simultaneous stimulation of naive t 
cells with peptides encompassing subtle differences at the ICR contact residues, which may be occurring during 
25 immunizations invohring matures of Ig-PLPI and Ig-PLP-LR, fails to cause T cell expansion and in vitro profiferation. 

Example XV 

Splenic Proliferative T Cell Rasponses of Mice 
Co-Immunized with lo-PLPI and IG-PLP-Lfl 
30 As shown in Figure 12, spleen ceb from the mice described in Example XIV were stimulated with PLPl 

(filled bars) and PLP-LR ( batched bars.) in triplicate wells and proliferation was measured as above. The results 
were standardized as above using PPD cpms obtained with lymph node T ceBs because the proliferation of spleen 
cals upon stimulation with PPD was minimaL The indicated relative proliferation represents the meant ± SD of 5 
indhridually tested mice. 

35 Splenic T cells from these mice failed to respond to PLP-LR stimulation. However, when an additional group of 
mice was immunized with Ig-PLP-LR, both lymph node and splenic eels profiferated to PLPl as well as to PLP-LR 
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peptide. In the spleen, ahhough the proBferative responses were much lower than in the lymph nodes, additive 
responses were sti not observed. Rather, an opposite down regulatorif effect between Ig-PLPI and Ig-PLP-LR was 
observed. Ahhough co-in)ection of Ig W with either Ig PLPl or Ig PLP LR did not affect either response, co-injection 
of lg PLP2 with Ig PLPl increased reactivity to PLP-LR among the T cells induced by Ig PLPl. 

Exanvie XVI 

IL 2 Production by Splenic CeBs of Mice 
nn-lmmunized With la-PLPI and Iq PLP-LR 
To further investigate the opposing down regulation among Ig-PLPI and Ig PLP-LR, splenic antigen induced 
cytokine responses were measured in animate immunized with either a single or both Ig chimeras. As shown in Fig. 
13, spleen cells (1 X 10' per well) from the mice described in Example XIV were stimulated with PLPl (filled bars) 
and PLP-LR (hatched bars) for 24 hours. Production of IL-2 (13A), INFk (13B), and IL4 (130 were measured as 
set forth below. 

Celb were incubated in 96 well round-bottom plates at 10 x 10* cells/1 0G/;1/wbII with 100//I of stimulator, 
as above, for 24 hours. Cytokine production was measured by ELISA according to Pharmingen's instructions using 
I0O//1 culture supenatant. Capture antibodies were rat antinnouse lL-2, JES6 IAI2,Tal anti-mouse 114, 1 lB11;rat anti- 
mouse WKy, R4-6A2; and rat anti-mouse IL10, JES5-2A5. Biotinylated anti cytokine antibodies were rat anti-mouse 
IL-2, JES6-5H4; rat ant imouse lL-4, BVD6-24G2; rat anti-mouse IFNk, XMG 12; and rat anti-mouse IL- 10, JES5- 
16E3) The 0D405 was measured on a Spec 340 counter (Molecular Devices) using SOH MAX PRO version 1.2.0 
software. Graded amounts of recombinant mouse IL-2, IL4, INFk, and IL-10 were included in all experiments in order 
to construct standard curves. The concentration of cytokines in culture supematants was estimated by extrapolation 
from the linear portion of the standard curve. Cells incubated without stimulator were used as background (BG). 
Each mouse was indhridually tested in triplicate weHs for each stimulator and the indicated cpms represent the mean 
1 SO after deduction of BG cpms. Production of IL-10 was also measured, but the results were at background 
levels (not shown). 

Upon n vitro stmutatkm with PLPl peptkle, T eels fnrni Ig-PLPI immunized mice produced IL-2. INFk, and 
smal amounts of IL4. However, stimulation of the sanw eels with PLP-LR yielded minimal IL-2 and undetectable 
INFk or IL4. Spleen eels from Ig-PLP-LR immonized mce generated IL-2 but no IFNk or IL4 upon stimulation with 
PLPl peptide. Moreover, PLP-LR peptide stinutation produced only a minimal IL-2 response. In nice immunized with 
equal amounts of Ig-PLPI and Ig-PLP-LR aU cytokine production was reduced to minimal or background levels upon 
stimulation with either peptide. Co-immunizatMn of Ig-W with either chimera had no measurable effect on cytokine 
productnn pattern. When the animals were given a 3:1 ratio of Ig-PLP-LR: Ig-PLPI, although the splenic proliferative 
responses and IL-2 production were at background hivals, signifcant amounts of IL4 and INFk were evklent upon 
stimulatnn with PLP-LR peptide. Consequently, the excess of Ig-PLP LR may lead to a mned but PLP LR dommant 
TCR triggering that induces caVs able to produce cytokine but which exhOilt no proiferathre response. These data 
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indicated that Ig-PLPI and Ig-PLP-LR exerted adverse reactions on one another leading to down-regulation of both 
T cell responses. 

Example XVil 

Proliferation of Antigen Experienced T Cells Upon 
Stimulation In Vitro With Mixtures of PLPI and PLP-LR Peptides 
To investigate whether Ig-PLPl and Ig-PLP-LR could display adverse reactions on each other at the level 
of antigen experienced cross-reactive T cells, mice were immunized with Ig-PLPI or Ig-PLP-LR alone and assessed 
for proliferative T cell responses upon in vhro stimulation with varying mixtures of free PLPI and PLP-LR peptides. 

More particularly Mice (4 per group) were immunized with BQ/yg Ig-PLPI (14A and 14B) or 50;yg Ig-PLP-LR 
(14C and 14D) in CFA, and 10 days later the lymph node (14A and 14C) and spleen (14B and 14DI cells were 
stimulated with the indicated peptides and assayed for ['Hlthymidine incorporation as above. The number preceding 
the peptide label indicates the //g/ml amount used for in vitro stimulation. The specific proliferation was estimated 
by deducting the mean BG (obtained by incubating cells without stimulator) cpm from the test sample cpm. The 
indicated cpms represent the mean ± SD of 4 individually tested mice. ND, not determined. 

As can be seen in Figs. 14A-14D, both lymph node and spleen cells from mice immunized with Ig-PLPI or 
Ig-PLP-LR proUferated equally as well to stimulation with a single peptide as to a mixture of PLPL and PLP-LR. The 
proBferative response to the mbrture.in most cases, was even higher than the response to a single peptide stimulation. 

Example XVIIi 

IL-2 Production bv Antigen Experienced T CeBs 
Upon In Vitro Stimulation With PLP1ffLP-LR Peptide Mixtures 

To further investigate whether Ig-PLPI and Ig-PLP-LR could display adverse reactions on each other at the 
level of antigen experienced cross-reacthre T ceBs, mice were immunized with Ig-PLPI or Ig-PLP-LR alone and 
assessed for cytokine responses upon m ntn stimulation with varying mixtures of free PLPI and PLP-LR peptides. 
The results are shown in Figs. ISA and 15B. 

Spleen cek from Ig-PLPI (15A) and Ig-PLP-LR (158) immunized mice were stimulated wKh the indicated 
peptides and tested for IL-2 production by EUSA as in Exanple XVL The spleen ceBs used in these experiments were 
from the mice described in Example XVIL The number preceding the name of the peptide represents the tmmmx 
used for stimulation. The indicated //g/ml IL-2 values represent the mean d: SD of 4 individually tested mice. 

As indicated by Example XVII, lL-2 production was not decreased upon stimulation of spleen cells with 
varying mixtures of PLPI and PLP-LR. To the contrary, in most cases of stimulation with peptide mature IL-2 
production was higher than in stimulation with a single peptide. Again these findings indicate that both agonist and 
antagonist peptides exert adverse reactions on one another and reveal an anti-parallel antagonism and a stringent 
control of TCR triggering at the level of naive T cais. 
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In addition to the use of immunomoduiating agents comprising T cell receptor antagonists and agonists for 
attenuation of adult immune responses, the same compositions may advantageously be used tor the aiduction of 
tolerance in neonates and infants as demonstrated in the following Examples. 
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ExMipla XIX 

ISJUJ Mice Injected with to-PLPI at Birth 
Resist Induction of EAE Dunng Adult Life 

To demonstrate the advantaoes of inoculating neonates or infants with the compositions of the present 
invention, newborn mice were administered immunomodulating agents as described herein and exposed to agents for 
the inducement of an autoimniune condition. 

More specif icallY, neonatal mice (10 mice per group) were injected with 100 //g of affinity chromatography 
purified Ig-PLPI or Ig-W within 24 hours of birth and were induced for EAE with free PLP1 peptide at 7 weeks of 
age. Mice were scored daBy for clinical signs as foUows: 0, no clinical signs; 1, loss of tail tone; 2 , hind Bmb 
weakness; 3, hind limb paralysis; 4, forebmb paralysis; and 5, moribund or death. Panel A shows the mean clinical 
score of all mice and panel B shows the mean score of the surviving animals only. EAE was induced by 
subcutaneous injection in the foot pads and at the base of the Smbs and tail with a 200 /y1 IFA/PBS (Ivoi/lvol) 
solution containing 100 /yg free PIPI peptide and 200 //g M. tubercuhsis H37Ra. Six hours later 5 x itf 
inactwated B. pertussis were given intravenously. After 48 hours another 5x10' inactivated B. pertussis were 
given to the mice. 

As may be seen in Figs 16A and 16B adult mice recipient of Ig-PLPI in saline at birth resisted the induction 
of EAE by free PLP1 peptide. Indeed, the clinical scores were much less severe in those mice than in animals 
recipffint of ig-W, the parental wild type ig without any PLP peptide. In addition, contrary to those mice which 
recenred Ig-W, mice injected with ig-PLPI showed no relapses (figure 16B). 

Exampte XX 
In Vivo Presentatron of lo-PLP1 by Neonatal 
Thymic and Splenic Antioen PresentinQ Cells 

In order to confirm the clinical results observed in Example XX, cytokine responses were measured in 
neonatal mice. The data obtained b shown in Fig. 17. 

Specifically, neonates (5 mice per group) were injected with 100 //g Ig-PLPI or Ig-W within 24 hours of 
birth. Two days later the mice were sacrificed, and pooled tbymK (17A) and splenic (178) ceils were irradiated and 
used as APCs for stimulation of the PLP1 specific T ceR hybridoma 4E3 as descrfted above. IL-2 productwn in the 
supernatant which was used as a measure of T ceH activatnn was determined using the IL-2 dependent HT-2 cell 
ine as descriied by V.K. Kuchroo et aL J. ImmunoL 153, 3326 (1994) incorporated herein by reference. The 
indicated cpms represent the mean ± SD of tripTicates. 

The administered Ig-PLPI was efficiently presented by neonatal APCs. Both thymic (1 7A) and splenic (17B) 
APCs from neonate recipients of I6 PLP1 activated a T eel hybridoma specific for PLP1 peptide without addition 
of erogenous antigen. APCs from neonate recipients of Ig-W were unable to actwate the T eel hybridoma. 
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Example XXI 

Reduced Splenic Proliferative T cell 
Response in Mice Recipient of lo-PLPI at Birth 
To further confimi the results observed in the previous two Examples, proliferative responses were measured 
5 in mice jnoculated with an immunomodulating agent at birth. The results are shown in Figs. 18A and 18B. 

Neonates were injected intraperitoneal (Lp.)within 24 hours of birth with 100 //g Ig PLPl or Ig W in saline. 
When the mice reached 7 weeks of age they were immunized with 100 //g free PLP1 peptide in 200 lA CFA/PBS 
(Ivol/lvol) s.c. in the foot pads and at the base of the limbs and tail. Ten days later the mice were sacrificed, and 
(18A) the lymph node ( 0.4 x 10* ceUs/well) and (188) the splenic (1 X 10* cells/well) ceBs were in vitro stimulated 
10 for four days with 15 //gjml free PLP1 or PLPZ a negatwe control peptide corresponding the encephalitogenic 
sequence 178-191 of PLP (13). One ArfJi/well of('H)thymidine was added during the last 14.5 hours of stimulation, 
and proliferation was measured using an Inotech ;?counter and the trace 96 Inotech program. The indicated cpms 
represent the mean t SO of triplicate weHs for individually tested mice. The mean cpm ± SO of lymph node 
proliferathfB response of all mice recipient of lg-PLP1 and Ig-W was 34,812 ± 7,508 and 37,026 ± 10,133, 
15 respectwely. The mean splenic prolHeratwe response was 3,300 ± 3,400 for the Ig PLPl recipient group and 
14,892 ± 4,769 for the Ig-W recipient group. 

Mice recipient of Ig-PLPI at the day of birth, like those injected with Ig-W, developed equivalent adult lymph 
node T cell proliferative responses to PLP1 when they were immunized with free PLPl peptide in CPA (18A). 
However, the splenic proliferative response was markedly reduced in the mice recipient of Ig-PLPI (18B) thus 
20 indicating the inducement of tolerance. Neither group of mice showed a significant proliferative response to PLP2, 
a negathre control peptide presented by l-A' class II molecules Tike PIPI. 

Example XXII 

Lvmnh Node T CeB Deviation in Mice Treated With Ig PLPl at Birth 
25 To further demonstrate the induction of tolerance in nifants or neonates, cytokine responses were measured 

in were measured in mice inoculated with an imnnmomodulating agent at birth. The results are shown in Figs. 19A- 
19C. 

In particular, lymph node eels (4 x 10^ cells/well) from the mice described m Example XXI were stknulated 
m vitro with free PLPl or PLP2 (15 Mllml) for 24 hours, and the production of IL-2 (ISA). IL4 (198), and My 
30 (ISO was measured by EUSPOT as descnbed in Example XVI using Pharmingen anti-cytokine antftody pairs. The 
indicated vakies (spot forming unKs) represent the mean ± SO of 8 individually tested mice. 

The results show cytokine production patterns were affected bv the inoculation of the neonatal mice. 
Lymph node cells from mice recipient of Ig-W at birth produced, upon stinulation with PLPl, IL-2 but not INFk or 
IL4. In contrast, cells from mice recipient of Ig PLPl were deviated and instead produced IL4. No cytokine 
35 production was observed upon stimulation with PLP2 peptide. 
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Eumplfl XXlll 

Reduced INFk Production by Sotenic T Cells From 
Mrca Iniected With Ig-PlPI at the Day of Birth 
To confirm the resuhs obtained in Example XXII, spleen cells from the same mice were assayed for cytokine 
responses. The results are shown in Figs. 20A and 206. 

More specifically, splenic cells (1 X 10' cefclwell) from the mice were stimulated n vitm with free PLP1 
or PLP2 (15 //gfmi) for 24 hours, and the production of IL-2 (20A), IL4 |20B], and My (20C) in the supernatant 
was measured by ELISA using pairs of anti-cytokine antibodies from Pharmingen according to the manufacture's 
instructions (Example XVI]. The indicated amounts of cytokine represent the mean i SO of 6 individually tested 
mice. 

In the spleen, while cells from mice innnoculate with Ig-W produced IL-2 and INFk. Conversely, cells from 
mice injected with Ig PLPI produced IL-2 but failed to produce detectable levels of INFy- The negative control, PLP2 
peptide, failed to induce cytokine production. 

Example XXfV 

Cytokine Mediated Restoration of Splenic T Cell 
Proliferation in Mice Injected With lo-PLPI at Birth 

To demonstrate that proEfarative responses may be retstored, cells from inoculated neonatal mice were 
exposed to exogenous INFk- Tin results are shown in Fig. 21. 

In particular, a group of neonates in^cted Lp. with 100 //g of ig-PLPI at birth were immunized with 100 
PLP1 peptide in CPA, as in Example XXI, and in ntrv stimulation of splenic cefls (1 x 10* celis/well) with free 
PLP1 peptide (15 //g/ml) was carried out as described in Example XXI but in the presence of 100 units INFk o' IL- 
12. The indicated cpms for each mouse represent the mean t SD of triplicate wells. 

Surprisingly, addition of erogenous INFk to splenic cells from the mice recipient of ig-PLPI at birth restored 
the proliferathre response. IL-12. an inducer of INFk (14), also restored the splenic proliferative response. 

Overal. mice injected at birth with ig-PLPI develop a lymph node T cell deviation and an unusual INFk- 
mediated splenic anergy. Interestingly, when these mice were induced for EAE with free PLP1 peptide they developed 
a mid monophasic disease without relapses. Since Igs have long half-fives, an Ig based immunomodulating agent 
may endure for an extended period of time resulting in a continuous and slow release of the immunosuppresswe 
factor, as may occur in the usual neonatal tolerization procedures using incomplete Round's adjuvant with a 
conventional antigen. Consequently, defivery on Igs may allow one to circumvent the use of adjuvant to induce 
neonatal tolerance. Further, intemafization of an immunosuppressive factor via FcR and the subsequent processing 
in the endocytic pathway grants access to newly synthesized MHC class II molecules, generating significant amounts 
of MHC-immunosuppressive factor complexes. These favorable parameters ri.e. FcR-mediated APCs actuation, slow 
peptide release, and efficient peptide presentation), may contribute to the induction of lymph node deviation and 
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splenic anergy. As with administration of the disclosed compositions to adults, the adjuvant free lolerization strategy 
may be used to silence autoreactive T cells and prevent autoimmunity. 

Those skUled in the art will further appreciate that the present invention may be embodied in other specific 
forms without departing from the spirit or central attributes thereof. In that the foregoing description of the present 
5 invention disctoses only exemplary ambodiments thereof, it is to be understood that other variations are contemplated 
as being withm the scope of the present invention. Accordingly, the present invention is not limited to the particular 
embodiments which have been described in detail herein. Rather, reference should be made to the appended claims 
as indicative of the scope and content of the invention. 
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WHAT IS CLAIMED IS : 

I. An immunomodulating agent for the endocytic presentation of an immunosuppressive factor on the 
surface of an antigen presenting cell of a vertebrate comprising at least one Fc receptor ligand and at least one 
immunosuppressive factor. 

5 2. The immunomodulating agent of claim 1 wherein said immunosuppressive factor is selected from 

the group consisting of T cell receptor antagonists, T call receptor agonists and combinatians thereof. 

3. The immunomodulatmg agent of claim 2 wherein said immunosuppressive factor comprises a 
peptide antagonist. 

4. The iitHnunomoduiating agent of claim 3 wherein said peptide antagonist is an analog of a peptide 
10 agonist capable of activating a T cell response to proteoHpid protein. 

5. The immunomodulating agent of claim 1 wherein said at least one Fc receptor ligand comprises 
at least part of a domain of a constant region of an immunoglobulin molecule. 

6. The immunomodulating agent of claim 1 wherein the immunomodulating agent comprises a 
polypeptide. 

15 7. The immunomodulating agent of claim 1 wherein the immunomodulating agent comprises an 

antibody-antigen complex. 

8. The immunomodulating agent of claim 1 wherein the immunomodulating agent Is a chimeric 

antibody. 

g. The invnunomodulating agent of claim B wherein said chimeric antBiody comprises a T cell receptor 
20 antagonist 

10. The invnunomodulating agent of claim 9 wherein said T cell receptor antagonist is expressed within 
at least one compiementaritY determining region. 

II. A pharmaceutical composition for the endocytic presentation of an immunosuppressive factor on 
the surface of an antigen presenting ceD of a vertebrate comprising a compound as set forth in any one of claims 

25 MO. 

12. Use of an immunomodulatatg agent as set forth in any one of claims 1-10 for the preparation of 
a pharmaceutical composition to treat an immune disorder in a patent in need thereof. 

13. The method of claim 12 wherein said immune disorder comprises a disorder selected from the 
group consisting of autoimmune disorders, allergie responses and transplant rejection. 

30 14. The method of claim 13 wherein said immune ifisorder comprises an autoimmune disorder selected 

from the group consisting of multiple sclerosis, kipis, rheumatoid arthritis, scleroderma, insulin-dependent diabetes 
and ulcerative colitis. 

15. The method of claim 12 wherein said patient is an infant or neonate. 

16. Use of an immunomodulating agent as set forth in any one of claims 1-10 for the preparation of 
35 a pharmaceutical composition for the induction of T cell tolerance bi a patient in need thereof. 
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17. The method of claim 16 wherein said T cell tolerance is associated with an autoimmune disorder 
selected form the group consisting of multiple sclerosis, lupus, rheumatoid arthritis, sclerdoerma, insutoi-dependenl 
diabetes and ulcerattve colitis. 

18. The method of claim 16 wherein said patient is an infant or neonate. 
5 19. A method for treating an immune disorder comprising: 

administering to a patient a therapeutically effective amount of a pharmaceutical composition 
comprising an immunomodulating agent in combination with a physiologically acceptable carrier or diluent wherein 
said immunomodulating agent comprises at least one Fc receptor ligand and at least one immunosuppressive factor. 

10 20. The method of claim 19 wherein said immunosuppressive factor is selected from the group 

consisting of a T cell receptor antagonist, a T cell receptor agonist and combinations thereof. 

21. The method of claim 19 wherein said immunosuppresshfe factor is an analog of a peptide agonist 
capable of activating a T cell response to proteolipid protein. 

22. The method of claim 19 wherein said immunosuppressree factor is an analog of a peptide agonist 
15 capable of activating a T cell response to myaOn basic protein. 

23. The method of claim 19 wherein said Fc receptor Bgand comprises at least part of one domain 
of a constant region of an immunoglobulin molecule. 

24. The method of clami 23 wherein the immunoglobulin molecule is human IgG molecule. 

25. The method of claim 19 wherein said immunomodulating agent comprises a polypeptide. 

20 26. The method of clann 25 wherein said immunomodulating agent comprises a chimeric antibody. 

27. The method of claim 19 wherein said immune disorder comprises a disorder selected from the 
group consisting of autoimmune disorders, allergic responses and transplant rejection. 

28. The method of claim 27 wherein said immune disorder comprises an autoimmune disorder selected 
from the group consisting of multiple sclerosis, iupis, rheumatoid arthritis, scleroderma, insuiin-dependent diabetes 

25 and ulcerative coBtis. 

29. A method for producing an enmunomodulating agent for ttie endocytir presentation of an 
immunosuppresshre factor on the surface of an antigen presenting eel of a vertebrate comprising the steps of: 

transforming or transfecting suitable host cells with a recombinant polynucleotide molecule 
comprising a nucleotide sei}u<nce which encodes a polypeptide comprising at least one Fc receptor bgand and at least 
30 one immunosiippressive factor; 

culturing the transformed or transfected host cells under conditions in which said cells express the 
recombinant polynucleatide molecule to produce said polypeptide wherein the oohfoeotide comprises at least a part 
of an immunomodulating agent' and 

recovering said immunomodubting agent 
35 30. The method of claim 29 wherein said immunosuppressne factor is selected from the group 

consisting of a T cefl receptor antagonist a T cell receptor agonist and combinations thereof. 



wo 98/30706 PCr/US«>8A)0520 

31. The method of claim 29 wherein said immunosuppressive factor is an analog of a peptide agonist 
capable of activating a T ceB response to myelin basic protein. 

32. The method of claim 29 wherein said Fc receptor iigand comprises at least a part of one domain 
of a constant region of an immunoglobulin molecule. 

5 33. The method of claim 29 wherein said immunomodulating agent comprises a chimeric antibody. 

34. The method of claim 33 wherein said chimeric antibody comprises a heavy chain wherein at least 
one complementarity determining region has been replaced with a T ceil receptor antagonist. 

35. A recombinant polynucleotide molecule encoding a polypeptide wherein said polynucleotide molecule 
comprises at least one nucleotide sequence corresponding to a Fc receptor iigand and at least one nucleotide 

ID sequence corresponding to an immunosuppresswe factor. 

36. The polynucleotide molecule of claim 35 wherein said immunosuppressive factor is selected from 
the group consisting of a T cell receptor antagonist, a T cell receptor agonist and combinations thereof. 

37. The polynucleotide molecule of claim 35 wherein said polynucleotide molecule comprises a sequence 
corresponding to at least part of one domain of a constant region of an immunoglobulin molecule. 

15 38. The polynucleotide molecule claim 37 wherein the immunoglobulin molecule is a human IgG 

molecule. 

39. The polynucleotide molecule of claim 35 wherein said polynucleotide molecule encodes a nucleotide 
sequence corresponding to an immunoglobulin heavy chain wherein a complementarity determining region has been 
at least partially deleted and replaced with a nucleotide sequence corresponding to T cell receptor antagonist. 
20 40. Transfected or uansformed cells comprising a recombinant polynucleotide molecule according to 

any one of claims 35 to 39. 

41. A method for the effective in vitro endocytic presentation of an immunosuppressive factor 
comprising the steps of: 

providino a medium comprising a plurality of antigen presenting cells expressing Fc receptors; and 
25 combining said madium with a immunomodulating agent containing composition wherein the 

compositian comprises an immunomodulating agent having at least one Fc receptor igand and at least one 
immunosuppressive factor and a compatible carrier. 

42. The method of claim 41 wherein said Fc receptor bgand comprises at least part of one domain 
of a constant region of an immunoglobuiin molecule. 

30 43. The method of claim 41 wherein said immunomodulating agent comprises a polypeptide. 
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